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A B S T R A C T

Background

Patellofemoral pain syndrome, now generally referred to as patellofemoral pain (PFP), is one of the most common orthopaedic disorders,
characterised by pain in the anterior or retropatellar knee region. Neuromuscular electrical stimulation (NMES) has been proposed
generally as a complementary treatment, associated with other interventions such as exercise, or as a single treatment to increase muscle
force, reduce knee pain, and improve function.

Objectives

To assess the eWects (benefits and harms) of neuromuscular electrical stimulation for people with patellofemoral pain.

Search methods

We searched the Cochrane Bone, Joint and Muscle Trauma Group Specialised Register, the Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE, Embase, PEDro, CINAHL, SPORTDiscus, AMED, LILACS, trial registers, conference abstracts, and reference lists. We
carried out the search in May 2017.

Selection criteria

We included randomised controlled clinical trials that evaluated the use of NMES for people with PFP.

Data collection and analysis

Two review authors independently performed the process of study selection, data extraction, and 'Risk of bias' assessment in duplicate.
The primary outcomes were knee pain, knee function, and adverse events. The timing of outcome measurements was up to three months
(short term), three to 12 months (medium term), and 12 months and above from trial entry (long term). We calculated risk ratios for
dichotomous data and mean diWerences or standardised mean diWerences for continuous data. Where appropriate, we pooled data using
the fixed-eWect model.

Main results

We included eight randomised clinical trials, reporting results for 345 participants with PFP. The mean ages of trial populations ranged from
25 to 43 years, and the majority (53% to 100%) of participants were female. There was a wide duration of symptoms, with the minimum
duration of symptoms for trial inclusion ranging from one to six months. In addition to the study inclusion criteria, studies varied widely in
the characteristics of the NMES and its application, and associated co-interventions. We assessed all trials as at high risk of bias in at least
one domain, particularly blinding and incomplete outcome data. The results of a laboratory-based trial reporting knee pain immediately
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aYer a single 15-minute session of NMES are not reported here as these are of questionable clinical relevance. The seven remaining trials
provided evidence for three comparisons. We assessed the overall quality of the evidence, using GRADE, for all primary outcomes for all
comparisons as very low, thus we are very unsure of the findings.

Four studies compared NMES plus exercise versus exercise alone. Patellar taping was applied as well as exercise to all participants of one
study, and patellar taping and ice were also applied in another study. Each trial tested a diWerent multiple-session NMES programme.
Pooled data from three studies (118 participants) provided very low-quality evidence that NMES is associated with reduced pain at the end
of treatment (ranging from 3 to 12 weeks): mean diWerence -1.63, 95% confidence interval (CI) -2.23 to -1.02; visual analogue scale (VAS)
0 to 10; higher scores = worse pain. However, this result may not be clinically relevant since the minimal clinically important diWerence
for VAS during activities (1.5 to 2.0, out of 10 points) lies within the 95% CI. We found very low-quality evidence from pooled data from
two trials of little eWect of NMES on knee function, as measured by two knee function rating systems. We found inconclusive and very low-
quality evidence from one trial (29 participants) of little eWect of NMES on pain and function at one-year follow-up. None of the four trials
reported on adverse eWects of treatment.

One study (94 participants) compared NMES, applied four hours per day on a daily basis for four weeks, with two types of exercises
(isometric and isokinetic). The study did not report on knee pain or adverse events. The study provided very low-quality evidence of no
important diWerence between the two groups in knee function at the end of the four-week treatment. Of note is the potentially onerous
NMES schedule in this study, which does not correspond to that typically used in clinical practice.

Two studies compared diWerent types of NMES. Simultaneously delivered high-low frequencies NMES was compared with sequentially
delivered high-low frequencies NMES in one trial (14 participants) and with fixed frequency NMES in the second trial (64 participants).
The studies provided very low-quality evidence of no important diWerences at the end of the six-week treatment programme between the
simultaneous frequencies NMES and the two other NMES programmes in overall knee pain, knee function, or in quadriceps fatigue (an
adverse event).

Authors' conclusions

This review found insuWicient and inconclusive evidence from randomised controlled trials to inform on the role of NMES for treating
people with PFP in current clinical practice. The very low-quality evidence available means that we are uncertain whether or not a multiple-
session programme of NMES combined with exercise over several weeks versus exercise alone results in clinically important diWerences in
knee pain and function at the end of the treatment period or at one year. There were no data on adverse eWects such as muscle fatigue and
discomfort. High-quality randomised clinical trials are needed to inform on the use of NMES for people with PFP. However, professional
and stakeholder consensus is required on prioritisation of the research questions for interventions for treating people with PFP, including
on the NMES treatment protocol for trials testing NMES.

P L A I N   L A N G U A G E   S U M M A R Y

Muscle stimulation for people with anterior knee pain

Background

Patellofemoral pain syndrome, commonly known as anterior knee pain, is characterised by short- or long-term pain in the front part of the
knee or behind the kneecap. Muscle stimulation has been proposed as a treatment for this condition. This involves the use of a device that
produces a muscle contraction by placing electrodes on the skin of the leg. Muscle stimulation is oYen used together with exercises and
other treatments but can also be used on its own.

Results of the search

We searched the medical literature up to May 2017 and found eight studies reporting results for a total of 345 participants who had anterior
knee pain for at least one month, and sometimes over several years. Most of the participants were female. The average age of participants
in the studies ranged from 25 to 43 years. All the studies were small and had flaws that meant they were at risk of bias. There was very little
evidence on longer-term outcome. The results of one study that reported on immediate pain aYer a single 15-minute session of muscle
stimulation are not reported here as these are of questionable clinical relevance.

Key results

Each of the seven remaining studies tested one of three comparisons.

Four studies compared a multiple-session muscle stimulation programme combined with exercise over several weeks with exercise on its
own for the same period. All participants in two studies had adhesive tape applied across their knee cap, with ice also being applied in one
study. We found very low-quality evidence that muscle stimulation with exercise may slightly reduce knee pain at the end of a treatment
period of between 3 and 12 weeks better than exercise alone. However, very low-quality evidence did not show an eWect on knee function.
None of the studies reported on harms such as muscle fatigue and discomfort. There was very little useful information on longer-term
eWects.
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One study compared muscle stimulation lasting four hours each day for four weeks with exercise. Very low-quality evidence showed no
important diWerence between the two groups in knee function at the end of the four-week treatment. Of note is that the duration of muscle
stimulation is much longer than used nowadays.

Two studies compared diWerent types of muscle stimulation. Very low-quality evidence showed no important diWerences at the end of the
six-week treatment programme between the diWerent types of muscle stimulation.

Quality of the evidence

The overall quality of the evidence for all reported outcomes was very low. This means that we are very uncertain about the findings of
these studies.

Conclusions

We found insuWicient evidence to inform on the role of neuromuscular electrical stimulation for treating people with anterior knee pain.
Further research is needed.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Neuromuscular electrical stimulation + other intervention (e.g. exercise) versus same other
intervention only for patellofemoral pain syndrome

Neuromuscular electrical stimulation (NMES) plus other intervention (e.g. exercise) versus no NMES plus same other intervention for patellofemoral pain syn-
drome

Patient or population: people with patellofemoral pain syndrome1

Settings: outpatient rehabilitation and home-based therapy

Intervention: NMES2 plus other active intervention (e.g. exercise)3

Comparison: no NMES control plus same other active intervention

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

No NMES plus same
other intervention

NMES plus other in-
tervention (e.g. ex-
ercise)

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Knee pain (short term)
VAS scale: 0 to 10; higher score =
worse pain.
Follow-up: 3 to 12 weeks (all were
at the end of the treatment pro-

gramme2)

The mean knee pain
ranged across con-
trol groups from
2.36 to 2.70 points.

The mean knee pain
in the intervention
groups was
1.63 lower
(2.23 to 1.02 lower).

MD -1.63 (-2.23
to -1.02)

118
(3 studies)

⊕⊝⊝⊝

very low4

This difference may not be
clinically important since
the MCID for VAS (1.5 to

2.0, out of 10 points)5 lies
within the 95% CI.

Knee pain (long term)
VAS scale: 0 to 10; higher score =
worse pain.
Follow-up: 1 year

The median pain
score in the study
control group was
0.4 points (IQR 0.2 to
3.4).

The median pain
score in the NMES
group was 1.8 points
(IQR 0.1 to 3.6).

See comment 29
(1 study)

⊕⊝⊝⊝

very low6

The difference was report-
ed as not statistically sig-
nificant.

Knee function (short term)
2 tools used: Cincinnati Knee Rat-
ing System (6 to 100; higher scores
= better function) and Lower Ex-
tremity Functional Scale (LEFS)
scale (0 to 80; higher scores = bet-
ter function).
Follow-up: 3 to 6 weeks (at the end
of the treatment programme)

The mean knee func-
tion in the study con-
trol groups was
72.4 (LEFS scale)
and 83.3 (Cincinnati
score).

The mean differ-
ence in knee func-
tion in the interven-
tion groups was
0.37 SDs higher
(0.11 lower to 0.84
higher).

SMD 0.37 (-0.11
to 0.84)

70
(2 studies)

⊕⊝⊝⊝

very low7

0.2 SD represents a small
difference, 0.5 SD a mod-
erate difference, and 0.8
SD a large difference.

However, the mean differ-
ences in the 2 trials were
small and unlikely to be
clinically important (LEFS
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scale: MD 0.73; Cincinnati
score: MD 4.65).

Knee function (long term)

Kujala Patellofemoral Score (KPS)
(0 to 100; higher score = better
function).
Follow-up: 1 year

The median KPS in
the study control
group was 95 (IQR 85
to 96).

The median KPS in
the NMES group was
94 (IQR 88 to 96).

See comment 29
(1 study)

⊕⊝⊝⊝

very low6

The very small difference
was reported as not statis-
tically significant.

Adverse events - not measured See comment See comment Not estimable - See comment Not measured

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; IQR: interquartile range; MCID: minimal clinically important difference; MD: mean difference; SD: standard deviation; SMD: standardised mean dif-
ference; VAS: visual analogue scale

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Where reported, there was a higher percentage of females (63% to 100%). The mean ages of the participants in the four trials ranged from 25 to 39 years. There was a wide
duration of symptoms, with the minimum duration of symptoms for trial inclusion ranging from one to six months.
2The format of the NMES varied among the four trials. Sessions of NMES lasted between 10 to 20 minutes, applied 2 to 5 times a week, for between 3 and 12 weeks.
3The co-intervention in all four trials was exercise. Patellar taping was also applied to all participants in two trials, and ice was applied in one trial.
4We downgraded the evidence two levels due to very serious risk of bias (performance bias), one level for imprecision reflecting small sample size, and one level for indirectness
(time point of pain assessment was very far from the end of the intervention).
5The minimal clinically important diWerence for visual analogue scale usual pain was set at 1.5 to 2.0 (out of 10) points (Crossley et al. Archives of Physical Medicine and
Rehabilitation 2004;85(5):815-22).
6We downgraded the evidence two levels due to very serious risk of bias (performance, detection, and attrition biases) and two levels for imprecision reflecting single-trial data
and small sample size.
7We downgraded the evidence two levels due to very serious risk of bias (performance bias) and one level for imprecision reflecting small sample size.
 
 

Summary of findings 2.   Neuromuscular electrical stimulation versus exercise for patellofemoral pain syndrome

Neuromuscular electrical stimulation (NMES) versus exercise for patellofemoral pain syndrome

Patient or population: people with patellofemoral pain syndrome
Settings: at home

Intervention: NMES (2-hour session, twice a day, every day for 4 weeks)1
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Comparison: exercise (either isokinetic or isometric; data combined in the analyses)

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Exercise NMES

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Knee pain (short term: < 3 months) See comment See comment Not estimable - See comment Not estimable

Knee pain (longer term: > 3 months) See comment See comment Not estimable - See comment Not estimable

Knee function
(short term) 
Arpège function scale (0 to 18; higher
score = better function).
Follow-up: 4 weeks (at end of treat-
ment)

The mean knee func-
tion in the study con-
trol group was
15.34 points.

The mean knee function
in the intervention groups
was
0.94 lower
(2.1 lower to 0.22 higher).

MD -0.94 (-2.10
to 0.22)

94
(1 study)

⊕⊝⊝⊝

very low2

 

Knee function (longer term: > 3
months)

See comment See comment Not estimable - See comment Not estimable

Adverse events See comment See comment Not estimable - See comment Not measured

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; MD: mean difference

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1This very demanding schedule is unlikely to be found in clinical practice.
2We downgraded the evidence two levels for very serious risk of bias (including high risk of performance bias and attrition bias), one level for imprecision (low numbers and wide
95% confidence interval), and one level for indirectness (the scheme used for NMES (during 4 hours/day) does not correspond to that used in clinical practice).
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B A C K G R O U N D

Description of the condition

Patellofemoral pain syndrome (also known as patella
malalignment syndrome, chondromalacia patellae, and anterior
knee pain syndrome) is characterised by pain in the anterior or
retropatellar (behind the kneecap) knee region that is exacerbated
during activities that overload the patellofemoral joint such as
running, prolonged sitting, stair climbing, kneeling, or squatting.
Additional symptoms of the disorder include reduced muscle
strength and knee function (Collins 2013; Petersen 2013; RathleW
2013). In line with the International Patellofemoral Pain consensus
statements published in 2014, we now use the term 'patellofemoral
pain' (PFP) in this review (Witvrouw 2014). Patellofemoral pain is
one of the most common orthopaedic disorders, accounting for
25% to 40% of all sports-related knee problems; it predominantly
aWects adolescents and young adults, especially physically active
women (Fagan 2008; Frye 2012). The prevalence of PFP is higher in
active populations, including athletes and military recruits, than in
the general population. However, the prevalence of this disorder in
unselected populations is unclear (Lankhorst 2012; Petersen 2013;
Roush 2012).

The aetiology of PFP is multifactorial. Common causes include
mechanical and structural changes in the patellofemoral joint,
malalignment of the patella (also known as patella maltracking),
weakness of the knee extensor muscles (quadriceps musculature),
poor muscle flexibility, and altered lower extremity kinematics
(Bolgla 2011; Lankhorst 2012; Powers 2003). There are no specific
diagnostic tests for PFP, and the diagnosis is usually based on
clinical symptoms and physical examination (Crossley 2002; Roush
2012).

It is widely believed that patellofemoral malalignment is the
primary mechanism responsible for anterior knee pain. Since the
patella acts as a lever for the knee extensor muscles, any changes
in the angle of the knee will also aWect the peak force of the
quadriceps (Bolgla 2011; Powers 2012). Recent studies have shown
that the patella of people with PFP tends to deviate laterally within
the femoral trochlear groove to a greater extent than normal during
knee movement, leading to both a decrease in the patellofemoral
contact area and an increase in the pressure on the articular
surface, thus resulting in peripatellar tissue inflammation and pain
(Kaya 2011; Powers 2012; Salsich 2001).

Several factors, including large quadriceps angle, abnormalities of
the patellofemoral joint, excessive foot pronation, and tightness
of hamstrings, calf, and lateral retinaculum can lead to abnormal
patellar gliding (Barton 2009; Davies 2000; Fagan 2008; Pal
2012). However, according to biomechanical studies, hip muscle
weakness and decreased quadriceps torque (especially the
imbalance between activation of the vastus lateralis (VL) and vastus
medialis oblique (VMO) muscles) are the main causes of patellar
maltracking and patellofemoral pain (Chiu 2012; Cowan 2009; Pal
2012; Petersen 2013).

The response of people with PFP to conservative (non-surgical)
interventions such as physical therapy (including patellar taping,
joint mobilisation, quadriceps strengthening, and foot orthoses,
among others) and analgesic medications is variable. Long-term
results are not always satisfactory, and therefore the disorder can
become chronic (Pattyn 2012; RathleW 2012). A recent study showed

that approximately half of treated patients reported persistent
symptoms aYer 12 months (Collins 2013). Factors that may be
associated with poor prognosis include higher age, female gender,
overweight, reduced muscle strength, sports participation (overuse
of the patellofemoral joint), and duration of symptoms over two
months (Collins 2013; Pattyn 2012; RathleW 2012). Those prognostic
factors indicate that early diagnosis and treatment may lead to
better long-term results (RathleW 2012).

Description of the intervention

Exercise therapy has been highly regarded as an essential tool
in the treatment of people with PFP (RathleW 2012). According
to several clinical trials, muscle-strengthening exercises help to
correct abnormal patellar alignment and reduce clinical symptoms
such as pain and impaired function (Bolgla 2011; Chiu 2012;
Crossley 2002; Frye 2012). However, in some people, exercise can
exacerbate pain and inflammation and reduce voluntary muscle
activation (Dye 2005). Neuromuscular electrical stimulation (NMES)
has been proposed as a complementary treatment, associated
with other interventions such as voluntary exercise, or as a single
treatment to increase muscle force by activating motor units and
promoting muscle contraction (Lake 2011; Monaghan 2010; Taradaj
2013).

Electrical stimulation is produced by a device that delivers
intermittent electrical impulses to muscle fibres through electrodes
placed on the skin. These impulses induce action potentials, which
stimulate motor nerves, thus producing contractions (Doucet
2012). These parameters include: frequency (usually set between
50 to 70 Hz); pulse (monophasic or biphasic, in waveform
geometrical patterns such as rectangular); pulse duration (between
1 to 1000 µs, most oYen between 100 to 400 µs); duty cycle/duration
of muscle contraction (intermittent pulse stimulation, i.e. pulses
on and oW, usually set as 10 seconds on and 50 seconds oW); and
intensity (adjusted according to individual tolerance) (Doucet 2012;
MaWiuletti 2010; Sillen 2013). When comparing an NMES group with
a control or a placebo group (e.g. NMES parameters configured
not to produce muscle contraction), there is a significant increase
in quadriceps muscle strength in people who receive active NMES
(Maddocks 2013).

Although there is still no consensus on the standardisation of
optimal NMES parameters, some studies suggest that electrical
stimulation should be able to produce 50% of maximal voluntary
contraction and recommend the use of biphasic rectangular pulses
of 100 to 400 microseconds delivered at 50 to 100 Hz, at the highest
tolerated intensity. The usual treatment for quadriceps muscles
involves two or more sessions per week, 10 to 30 minutes each, for
a period of four to five months (Sillen 2013; Vanderthommen 2007).

The main adverse eWects of NMES are muscular discomfort
caused by the electrical stimuli and excessive neuromuscular
fatigue, which can be reduced by adjusting the NMES parameters
(MaWiuletti 2014). Furthermore, the use of NMES over the thoracic
region can cause changes in cardiac rhythm, therefore this
intervention is not recommended for people with hypertension or
those using pacemakers (Doucet 2012; MaWiuletti 2010; Monaghan
2010).

Neuromuscular electrical stimulation (NMES) for patellofemoral pain syndrome (Review)
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How the intervention might work

Researchers report the use of NMES in people with PFP to
strengthen the quadriceps muscles in general and also to
selectively strengthen the VMO muscle in cases where this muscle is
hypotrophic and contracting aYer the VL muscle (MaWiuletti 2010;
Werner 1993). Because NMES promotes simultaneous VMO and VL
muscle contractions, it apparently leads to a significant increase in
quadriceps muscles' force (Vengust 2001; Werner 1993).

Good results also depend on using electrodes of appropriate
size and their adequate positioning (Doucet 2012; MaWiuletti
2010). Since the electric current produced by NMES is superficial,
stimulation delivered is not suWicient to recruit a large number of
motor units and produce an eWective muscle contraction, therefore
the characteristics and the spatial position of surface electrodes
can influence the eWectiveness of the muscle contraction. Despite
the lack of a standard procedure, electrodes are oYen used in
pairs of the same size, placed side by side over the muscle
(MaWiuletti 2010; Sillen 2013; Vanderthommen 2007). Some authors
have shown that the use of multiple electrodes, of large size,
produces better results in muscle strengthening and reduction of
discomfort, presumably due to the wide distribution and greater
intensity of the electrical current. Additionally, gradual increase
of the NMES intensity is recommended in order to activate deep
muscle fibres and optimise muscle contraction (MaWiuletti 2010;
MaWiuletti 2014).

Why it is important to do this review

Neuromuscular electrical stimulation is currently widely used
by physical therapists to treat people with several types of
knee problems and in postoperative rehabilitation; however, the
eWectiveness of NMES for PFP remains uncertain. Through a critical
summary of the evidence for NMES for treating PFP, this review aims
to help health professionals and patients make informed clinical
decisions about treatment choices for PFP and identify research
gaps in this area in relation to NMES.

O B J E C T I V E S

To assess the eWects (benefits and harms) of neuromuscular
electrical stimulation for people with patellofemoral pain.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled clinical trials evaluating the
use of NMES for people with PFP.

Types of participants

We included studies involving adolescents and adults diagnosed
with PFP. We excluded studies of participants with patellar
luxation, patellar fracture, osteoarthritis, or other intra-articular
knee pathology. We excluded studies that included a mixed
population where a percentage of the participants had some other
knee pathology or were children, unless the results of people with
PFP were presented separately or the proportion of those with
other knee pathology or children was small (less than 5%) and
preferably balanced between groups.

Types of interventions

We included trials comparing any kind of NMES with:

• placebo or sham intervention (e.g. stimulation parameters
below the level required to promote muscle contraction or no
stimulator output);

• no treatment;

• exercise.

We also included trials comparing diWerent programmes of NMES
(e.g. diWerent frequencies, intensity, and duration). For these
comparisons, we designated the control group to be the one with a
lower frequency, less intensive, or shorter duration programme.

We included studies that tested NMES as an isolated procedure or
in combination with other conservative interventions (e.g. exercise
programme), as long as the same intervention was also oWered to
people in the control group.

Types of outcome measures

Primary outcomes

1. Knee pain (measured by validated pain scores, such as visual
analogue scales (VAS)) (Revill 1976).

2. Knee function measured by validated knee questionnaires (such
as Kujala Patellofemoral Score and Lysholm score) (Kujala 1993;
Lysholm 1982).

3. Adverse events (e.g. skin injuries, excessive discomfort,
excessive fatigue, bradycardia or other cardiac arrhythmia, or
substantially increased pain as a direct eWect of treatment).

Secondary outcomes

1. Objectively measured performance tests (such as hop test,
timed up-and-go, stair climbing).

2. Health-related quality of life (measured by validated assessment
tools such as Medical Outcomes Study 36-item short-form health
survey (SF-36) for general measures) (Ware 1992).

3. Participant satisfaction (preferably measured by validated
assessment tools).

4. Muscle strength (directly measured, e.g. by isokinetic
dynamometer).

We did not consider trials where muscle strength or outcome
measures such as EMG (electromyogram) data and gait analysis
were studied without evaluation of pain or knee function.

Timing of outcome measurement

We adjusted the previous criteria subsequent to external referee's
feedback (see DiWerences between protocol and review). This
included starting the follow-up at trial entry.

• Up to three months (short term); this coincided with the end of
the treatment programme in all trials

• Three to up to 12 months (medium term)

• 12 months or over (long term)

Neuromuscular electrical stimulation (NMES) for patellofemoral pain syndrome (Review)
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Search methods for identification of studies

Electronic searches

We searched the Cochrane Bone, Joint and Muscle Trauma
Group Specialised Register (9 May 2017), the Cochrane Central
Register of Controlled Trials (CENTRAL) (2017; Issue 5), Ovid
MEDLINE (including MEDLINE In-Process & Other Non-Indexed
Citations, MEDLINE Daily and Epub Ahead of Print) (1946 to
5 May 2017), Embase (Ovid Online) (1974 to 2017 Week 18),
the Physiotherapy Evidence Database (PEDro) (1999 to 15 July
2016), the Cumulative Index to Nursing and Allied Health
Literature (CINAHL) (EBSCO) (1982 to 5 May 2017), SPORTDiscus
(EBSCO) (1985 to 5 May 2017), Allied and Complementary
Medicine Database (AMED) (Ovid Online) (1985 to 5 May 2017),
and Latin American and Caribbean Health Sciences (LILACS)
(BIREME) (1982 to 5 May 2017). We also searched the WHO
International Clinical Trials Registry Platform (apps.who.int/
trialsearch/), ClinicalTrials.gov (www.clinicaltrials.gov/), and the
ISRCTN registry (www.isrctn.com/) for ongoing trials (5 May 2017).
We did not apply any restrictions based on publication status or
language.

In MEDLINE (Ovid Online), the subject specific strategy was
combined with the sensitivity-maximising version of the Cochrane
Highly Sensitive Search Strategy for identifying randomised trials
(Lefebvre 2011). The search strategies for all databases are reported
in Appendix 1.

Searching other resources

We searched the reference lists of relevant studies and conference
abstracts of the International Patellofemoral Pain Research Retreat
(IPRR) (ipfrn.org/conference/) (from 2009 to 2013) and the
International Patellofemoral Pain Clinical Symposium (ipfrn.org/
clinicalsymposium/) (2013). We also contacted experts in the field
to identify published, unpublished, or ongoing trials.

Data collection and analysis

We carried out data collection and analysis according to the
methods stated in the published protocol (Martimbianco 2014).

Selection of studies

Two review authors (ALCM and GP) independently screened the
titles and abstracts retrieved through the search strategy. The full
texts of all studies considered potentially eligible for inclusion were
retrieved and read independently by the two review authors for
final selection. Disagreements were settled by a third author (RR).

Data extraction and management

Two review authors (ALCM and GP) independently extracted
the data from all reports of the included studies using
a piloted extraction form that included information on
participant characteristics, methodological aspects, interventions,
comparisons, outcomes, follow-up, and results. Unresolved
disagreements between the two review authors were settled by a
third review author (RR). We attempted to contact trial authors for
clarification and additional information when necessary.

Assessment of risk of bias in included studies

Two review authors (ALCM and BNGA) independently assessed the
risk of bias in the included studies using the Cochrane 'Risk of

bias' tool (Higgins 2011), which assesses seven domains: sequence
generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessors, incomplete outcome
data, selective reporting, and other sources of bias. Regarding this
last domain we looked for major baseline imbalance as a potential
cause of bias. We judged each of the seven domains as being at
high, low, or unclear risk of bias. Disagreements between the two
review authors were settled by a third review author (RR).

Measures of treatment e?ect

We calculated risk ratios (RR) with 95% confidence intervals (95%
CI) for dichotomous data and mean diWerences (MD) with 95% CIs
for continuous data. In cases where diWerent scales were used to
measure the same outcome, we planned to use standardised mean
diWerences (SMD) with 95% CIs.

Unit of analysis issues

As we expected, the unit of randomisation in the included trials
was the individual participant. In future updates of this review, if
we find studies in which the unit of analysis is the knee rather than
the individual participant, and where corrections have not been
made, we will consider presenting the data for the trials where the
disparity between the units of analysis and randomisation is small.
Had we found studies with cross-over designs, we would have
considered the first stage as indicated in our protocol. We avoided
unit of analysis issues related to repeated observations of the
same outcome. For example, where trial results were presented for
several periods of follow-up, we presented data for these separately
according to the diWerent follow-up periods defined in Types of
outcome measures.

Dealing with missing data

We contacted trial authors to obtain any missing data and
information. Where we were successful, we recorded the date
of communication and the information obtained. We planned
to conduct intention-to-treat analyses whenever possible. If
necessary and possible, for continuous data we planned to
calculate missing standard deviations (SDs) from exact P values,
95% CIs, or standard errors.

Assessment of heterogeneity

We assessed heterogeneity by visual inspection of forest plots and

by using the I2 statistic, as recommended by Higgins 2011: 0% to
40% indicated no significant heterogeneity; 30% to 60% indicated
moderate heterogeneity; 50% to 90% could represent substantial
heterogeneity; and 75% to 100% was indicative of very substantial

heterogeneity. We also used the Chi2 test: statistical significance (P
< 0.1) was interpreted as significant heterogeneity.

Assessment of reporting biases

In future updates of this review, if there are at least 10 studies in
a meta-analysis of any primary outcome, we intend to perform a
funnel plot to explore potential publication bias.

Data synthesis

When considered appropriate and where data were available,
we pooled the results of comparable groups of trials using the
fixed-eWect or random-eWects analysis models. Our choice of the
fixed-eWect model for reporting purposes was guided by a careful
consideration of the extent of heterogeneity and whether it could
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be explained, in addition to other factors such as the number and
size of the included studies. We planned not to pool data where

there was considerable heterogeneity (I2 > 75%) that could not
be explained by diWerences in methodological or clinical features
among the trials. Where it was not appropriate to pool data, we
presented trial data in the analyses for illustrative purposes and
reported these in the text.

Subgroup analysis and investigation of heterogeneity

We planned the following subgroup analyses: according to control
group intervention (placebo versus no NMES control); when NMES
was the main intervention or a complementary or auxiliary
intervention; age of participants (18 years or more versus less than
18 years); gender; physical activity level (athletic, i.e. regular sports
participation, versus non-athletic); and duration of PFP symptoms
(acute, i.e. less than three months, versus chronic). However,
subgroup analysis was not possible because data were insuWicient.
In future updates, if suWicient data are available, we will perform
subgroup analysis to investigate whether the results of subgroups
were significantly diWerent by inspecting the overlap of CIs and by
performing the test for subgroup diWerences available in Review
Manager 5 (RevMan 2014).

Sensitivity analysis

In future updates of this review, if suWicient trials are available,
we plan to perform sensitivity analyses examining various aspects
of trial and review methodology, including: the eWects of missing
data; of excluding trials at high or unclear risk of bias (specifically,
selection bias from lack of allocation concealment, and detection
bias from lack of outcome assessor blinding); trials only reported
in abstracts; trials with unit of analysis problems related to the
inclusion of participants with bilateral PFP; and the selection of the
statistical model (fixed-eWect versus random-eWects). We also plan
to examine the eWect of including trials that provide suboptimal

dosing: less than two sessions per week, lasting under 15 minutes
each, for less than two weeks (Doucet 2012; MaWiuletti 2010).

Assessing the quality of the evidence and presenting 'Summary
of findings' tables

We assessed the quality of the evidence for the primary outcomes
(pain, function, and adverse events) according to the GRADE
approach per Section 12.2 of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011). We prepared two 'Summary
of findings' tables for the following comparisons: NMES plus
other intervention (e.g. exercise) versus no NMES plus same other
intervention; and NMES versus exercise. We presented knee pain
and knee function at end of treatment (short term) and in the longer
term (three months or above) and adverse events.

R E S U L T S

Description of studies

Results of the search

We retrieved a total of 340 records from the following databases:
Cochrane Bone, Joint and Muscle Trauma Group Specialised
Register (5); CENTRAL (21), MEDLINE (47), Embase (123), PEDro (19),
CINAHL (29), SPORTDiscus (14), AMED (16), LILACS (9), the WHO
International Clinical Trials Registry Platform (11), ClinicalTrials.gov
(44), and the ISRCTN registry (2). AYer excluding 87 duplicates, we
screened 253 citations and excluded 241 that were not relevant.
We judged 12 reports to be potentially eligible, which we selected
for full-text reading. Eight studies (nine reports) met our selection
criteria and were included in the review (Akarcali 2002; Bily 2008;
Callaghan 2001; Callaghan 2004; Glaviano 2016 (two reports);
Gobelet 1992; Kaya 2013; Tunay 2003). We excluded two studies
(Dursun 2001; Kuru 2012), and identified one ongoing study from
our search of ClinicalTrials.gov (NCT02441712). There are no trials
awaiting classification. A flow diagram summarising the study
selection process is shown in Figure 1.
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Figure 1.   Study flow diagram.
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Included studies

We have provided full details on the individual studies in the
Characteristics of included studies table. We contacted the authors
of all studies for clarification and additional information and
received responses from authors of five studies (Akarcali 2002; Bily
2008; Callaghan 2001; Callaghan 2004; Tunay 2003). One study,
Glaviano 2016, was reported in two diWerent articles, one of which
reported the findings for the 15 female participants of the 22
participants in the full report.

Design

All eight included studies were randomised, controlled, parallel-
group clinical trials. Two of them were pilot studies (Bily 2008;
Callaghan 2001). Glaviano 2016 was a sports laboratory-based
study that assessed the immediate eWects of a single session of
NMES. Gobelet 1992 had three treatment groups; we considered
the two groups testing diWerent types of exercise (isokinetic versus
isometric) together in this review. Kaya 2013 had three treatment
groups, of which one was excluded as it was not relevant for
this review, and Tunay 2003 had four groups, two of which were
excluded as they were not relevant.

Sample size

Overall, 390 participants were randomised and 345 were available
for analysis. Sample sizes in the eight studies ranged from 16, in
Callaghan 2001, to 120, in Gobelet 1992. The number of participants
in the intervention group ranged from 7, in Callaghan 2001, to 37,
in Callaghan 2004.

Setting

The trials were conducted in five diWerent countries: one in
Switzerland (Gobelet 1992), two in the United Kingdom (Callaghan
2001; Callaghan 2004), one in Austria (Bily 2008), three in Turkey
(Akarcali 2002; Kaya 2013; Tunay 2003), and one in the United
States (Glaviano 2016). The publication dates ranged from 1992, in
Gobelet 1992, to 2016, in Glaviano 2016.

Participants

All studies included participants with PFP diagnosed through
clinical examination of the knee, including pain provoking
clinical tests (prolonged sitting, kneeling, squatting, ascending
or descending stairs), in Bily 2008, Callaghan 2001, Callaghan
2004, and Glaviano 2016, and positive patellar compression tests
(Akarcali 2002; Glaviano 2016). Two studies also used magnetic
resonance imaging for diagnosis (Callaghan 2001; Kaya 2013).
Three trials included X-rays to investigate anatomical bone changes
(Akarcali 2002; Bily 2008; Gobelet 1992). Four studies included only
participants with unilateral complaints (Callaghan 2001; Callaghan
2004; Kaya 2013; Tunay 2003). Akarcali 2002 and Glaviano 2016
included people with bilateral PFP, but the authors treated only the
most symptomatic knee in these participants; Bily 2008 included
only people with bilateral PFP, and both knees were treated and
evaluated; and Gobelet 1992 provided no information on the
side(s) aWected. Seven studies reported the minimum duration of
symptoms (Akarcali 2002; Bily 2008; Callaghan 2001; Callaghan
2004; Glaviano 2016; Kaya 2013; Tunay 2003), which ranged from
one month, in Tunay 2003, to six months (Bily 2008; Callaghan 2001;
Callaghan 2004; Kaya 2013). The mean age of participants ranged
from 25.4 years, in Bily 2008, to 42.7 years, in Kaya 2013. Tunay 2003
did not report the gender of the participants. All of the other seven

trials recruited a higher percentage of females, ranging from 53% in
Gobelet 1992 to 100% in Kaya 2013, which recruited females only.
None of the included studies described the level of activity of their
participants.

Interventions and controls

All studies gave the participants in the intervention group an
NMES portable device for use at home (Bily 2008; Callaghan 2001;
Callaghan 2004; Gobelet 1992), during an outpatient rehabilitation
programme (Akarcali 2002; Kaya 2013; Tunay 2003), or in a research
laboratory (Glaviano 2016). The participants using the portable
device at home received instructions about the stimulation
programme and electrode placement. In four studies, self adhesive
electrodes were to be placed on the quadriceps muscles (Bily
2008; Callaghan 2001; Callaghan 2004; Kaya 2013). In two
studies (Akarcali 2002; Gobelet 1992), the investigators aimed to
specifically stimulate the vastus medialis oblique (VMO) muscle. In
one study (Glaviano 2016), the electrodes were positioned over the
VMO and gluteus medius muscles (agonist muscles), and over the
adductor and the hamstrings muscle groups (antagonist muscles).
Tunay 2003 did not describe the position of the electrodes.

Glaviano 2016 used a novel form of NMES (patterned electrical
neuromuscular stimulation (PENS) with a frequency of 50 Hz) that
mimics voluntary movement patterns of muscular contractions
(stimulation of the agonist muscles, followed by antagonist
muscles), and compared it with a sham intervention ("sub sensory"
treatment).

Four studies compared NMES plus another intervention versus no
NMES plus the same other intervention (Akarcali 2002; Bily 2008;
Kaya 2013; Tunay 2003). The other intervention was an exercise
programme in Akarcali 2002 and Bily 2008; an exercise programme
and patellar taping in Kaya 2013; and ice, patellar taping, and
exercises in Tunay 2003. Akarcali 2002 and Kaya 2013 used a high-
voltage pulsed galvanic stimulation (HVPGS) with a frequency of
60 Hz, and Bily 2008 and Tunay 2003 used an NMES device with a
frequency of 40 Hz and 30 Hz, respectively.

Gobelet 1992 compared NMES (with sequentially combined periods
of high and low frequencies (50 Hz and 10 Hz)) alone versus an
exercise programme (isokinetic and isometric exercises).

The last two studies compared diWerent NMES programmes
(Callaghan 2001; Callaghan 2004). Callaghan 2001 used an NMES
device that simultaneously combined high and low frequencies
superimposed, comparing it with an NMES device that sequentially
combined high and low frequencies (control group). Callaghan
2004 used a new type of NMES with simultaneous delivery of mixed
frequencies, comparing it with a fixed-frequency NMES device
(control group).

All studies reported that the intensity of stimulation was adjusted
to the highest possible level that was tolerated by the participants.
The duration of the stimulation session ranged from 10 minutes, in
Akarcali 2002 and Tunay 2003, to four hours per day (Gobelet 1992).
NMES session frequency ranged from a single session, in Glaviano
2016, to seven times per week, in Callaghan 2001. The treatment
duration ranged from 15 minutes, in Glaviano 2016, to 12 weeks, in
Bily 2008.

Neuromuscular electrical stimulation (NMES) for patellofemoral pain syndrome (Review)
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Outcomes

All studies evaluated outcomes in the short term, which was
timed aYer the single session in Glaviano 2016, and at end of the
treatment programme (3 weeks in Tunay 2003 to 12 weeks in Bily
2008). Bily 2008 also assessed participants at 12 months aYer the
end of treatment (long term). Seven trials used a visual analogue
scale (VAS) to assess knee pain (Akarcali 2002; Bily 2008; Callaghan
2001; Callaghan 2004; Glaviano 2016; Kaya 2013; Tunay 2003).
Three studies used the Kujala Patellofemoral Score to assess knee
function (Bily 2008; Callaghan 2001; Callaghan 2004); one used the
Cincinnati Knee Rating System (Tunay 2003); one used the Lower
Extremity Functional Scale (LEFS) (Kaya 2013); and one used the
Arpège function scale (Gobelet 1992). Only two studies evaluated
adverse events, such as muscle fatigue using bipolar electrode
surface electromyography (EMG) (Callaghan 2001; Callaghan 2004).
Four studies assessed muscle flexion strength: Callaghan 2001
and Callaghan 2004 used an isokinetic dynamometer; Bily 2008
used a specifically designed chair with a circuit configuration that
measured maximal isometric contractions; and Akarcali 2002 used
Lovett’s manual muscle test (grades from 0 to 5; higher indicates
better muscle strength). Two studies assessed lower limb muscle
function (Callaghan 2001; Callaghan 2004), measured through
performance tests such as step up and down and squat flexion.

None of the included studies reported quality of life or participant
satisfaction.

Excluded studies

We excluded two potentially eligible studies for reasons detailed
in the Characteristics of excluded studies table (Dursun 2001;
Kuru 2012). Briefly, Dursun 2001 investigated the eWects of
electromyographic biofeedback (EMG) on PFP, and Kuru 2012 was
not a randomised controlled trial.

Ongoing studies

We found one ongoing study, which aimed to recruit 32 participants
to test the results at four weeks of the same comparison as
in Glaviano 2016. Further details are given in Characteristics of
ongoing studies.

Risk of bias in included studies

We assessed studies for risk of bias ('low', 'high', or 'unclear')
relating to seven domains. The results for individual studies are
summarised in Figure 2, with details given in the Characteristics of
included studies table. An overall summary of the ratings for each
domain is shown in Figure 3.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

 
Allocation

Random sequence allocation was adequate in four studies: two
studies used a computer-generated randomisation list (Callaghan
2001; Callaghan 2004); one used a sample of shuWled sealed
envelopes, and the participant took one out of the batch (Bily
2008, in reply to our email); and one study used the coin-tossing
technique (Akarcali 2002, in reply to our email). The other four trials
provided insuWicient information about the randomisation process
and were therefore judged as at unclear risk of bias for this domain
(Gobelet 1992; Glaviano 2016; Kaya 2013; Tunay 2003). We judged
all eight studies as at unclear risk of bias relating to allocation
concealment. Six studies provided no details about the method
used for allocation concealment (Akarcali 2002; Callaghan 2001;
Callaghan 2004; Gobelet 1992; Kaya 2013; Tunay 2003). Bily 2008
and Glaviano 2016 used sealed envelopes but did not mention if
they were opaque.

Blinding

Seven studies provided no information on participant blinding and
were classified as being at high or unclear risk of performance
bias depending on whether blinding would have been feasible: we
judged five studies that compared diWerent interventions between
groups as at high risk of bias (Akarcali 2002; Bily 2008; Gobelet 1992;
Kaya 2013; Tunay 2003), and two studies that compared the same
intervention (diWerent NMES parameters) as at unclear risk of bias
for this domain (Callaghan 2001; Callaghan 2004). Glaviano 2016
compared NMES with a sham control but, since the authors did
not exclude people who had received previous NMES therapy, it is
diWicult to judge whether the blinding was eWective; we therefore
also classified this study as at unclear risk of bias for this domain.
Regarding detection bias, four trials reported blinding of outcome
assessors and were judged to be at low risk of bias (Akarcali
2002; Callaghan 2004; Gobelet 1992; Kaya 2013). Bily 2008 reported
by email that no measures were used to ensure blinding of the
outcome assessors, and was therefore judged as at high risk of
bias. Callaghan 2001, Glaviano 2016, and Tunay 2003 did not clearly
report if the outcome assessors were blinded; we judged the first
two studies as being at unclear risk of bias for this domain, and

Tunay 2003 as at high risk of bias given the clear diWerences in the
interventions.

Incomplete outcome data

We categorised only two studies as at low risk of bias for this
domain because all participants completed the study (Glaviano
2016; Kaya 2013). Tunay 2003 provided insuWicient information
to make a judgement regarding losses and was assessed as
being at unclear risk of bias for this domain. We judged the
remaining five trials as at high risk of bias because they had at
least one of the following issues: a high dropout rate (> 20%), an
imbalance between groups due to loss of participants, no reporting
of intention-to-treat analysis and uncertainty of the eWects of
postrandomisation exclusions due to adverse events (Akarcali
2002; Bily 2008; Callaghan 2001; Callaghan 2004; Gobelet 1992).

Selective reporting

None of the trials had a published study protocol or trial
registration. It was unclear in six studies if the results included
all expected outcomes (Akarcali 2002; Bily 2008; Glaviano 2016;
Gobelet 1992; Kaya 2013; Tunay 2003); furthermore, these studies
did not consider adverse event as an outcome, and were therefore
judged as at unclear risk of bias for this domain. We assessed
two studies as at further high risk of bias: Glaviano 2016 because
of the very short follow-up and data inconsistencies between the
two reports of the trial, and Kaya 2013 because of contradictions
between the text and tables for pain results. We categorised
Callaghan 2001 and Callaghan 2004 as being at low risk of bias
because although they considered only one adverse event (muscle
fatigue), this is one of the most important adverse events in clinical
practice.

Other potential sources of bias

Three studies were apparently free of other sources of bias (Akarcali
2002; Callaghan 2004; Tunay 2003), including major between-
group imbalances in key baseline characteristics, and were rated
as at low risk of bias for this domain. We judged four studies
as at unclear risk of bias: Bily 2008 because of some imbalances
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in participant characteristics, particularly in pre-training muscle
strength; Callaghan 2001 due to lack of information on participant
characteristics at baseline; Glaviano 2016 because of some doubts
as to the reliability of the presented data; and Gobelet 1992 because
the authors did not provide information on the side(s) aWected, and
it was unclear which knee was treated. We judged Kaya 2013 as at
high risk of other bias due to there being a major diWerence between
the two groups in the initial pain during activities data, given that
pain is the top primary outcome of this review.

E?ects of interventions

See: Summary of findings for the main comparison
Neuromuscular electrical stimulation + other intervention (e.g.
exercise) versus same other intervention only for patellofemoral
pain syndrome; Summary of findings 2 Neuromuscular electrical
stimulation versus exercise for patellofemoral pain syndrome

Comparison 1: NMES versus placebo

One laboratory study compared NMES versus sham NMES in a
single 15-minute session (Glaviano 2016). Glaviano 2016 assessed
knee pain immediately at the end of the treatment in 22
participants. This study did not report on all other outcomes
pertinent to our review, such as function or adverse events. We
rated the quality of the evidence as very low, downgrading one level
for serious risk of bias, one level for indirectness (the single session
of NMES does not correspond to that used in clinical practice; the
results immediately post-treatment may not be representative),
and one level for serious imprecision, reflecting the low numbers
available.

Knee pain (VAS: 0 to 10; higher scores = worse pain)

Glaviano 2016 found NMES was associated with reduced pain
during a single leg squat (mean diWerence (MD) -1.90, 95%
confidence interval (CI) -3.10 to -0.70) and during a lateral step-
down (MD -2.20, 95% CI -3.47 to -0.93) (Analysis 1.1). However, the
95% CI also included the probability that this benefit may not be
clinically relevant because the 95% CI overlap the minimal clinically
important diWerence (MCID) for VAS during activities (1.3 out of 10
points; Crossley 2004).

Comparison 2: NMES plus other active intervention (e.g.
exercise) versus no NMES plus same other active intervention

Four studies compared NMES versus no NMES, where all
participants received another intervention, typically exercise. Two
studies compared NMES associated with exercise versus exercise
alone (Akarcali 2002; Bily 2008). In Kaya 2013, the common co-
intervention was an exercise programme and patellar taping, and
in Tunay 2003, all participants received exercises, patellar taping,
and ice. All studies reported results at the end of the treatment
(short term): three weeks in Tunay 2003, six weeks in Akarcali 2002
and Kaya 2013, and 12 weeks in Bily 2008. Bily 2008 also reported
results at one year aYer treatment (long term). None of the four
trials reported on adverse events, performance tests, quality of life
or participant satisfaction. We rated the quality of the evidence
for all reported outcomes as very low, downgrading one or two
levels for serious or very serious risk of bias, and one or two levels
for serious or very serious imprecision, reflecting the low numbers
available and oYen broad confidence intervals.

Knee pain (VAS: 0 to 10; higher scores = worse pain)

Pooled results from three studies showed NMES was associated
with lower pain scores in the short term (ranging from 3 to 12

weeks): MD -1.63, 95% CI -2.23 to -1.02; 118 participants; 3 studies; I2

= 2%; Analysis 2.1 (Akarcali 2002; Bily 2008; Tunay 2003). However,
this benefit may not be clinically relevant since the absolute value
(1.02) for the upper 95% CI was less than the MCID for VAS during
activities (1.5 to 2.0, out of 10 points; Crossley 2004).

Conversely, Kaya 2013 (30 participants), which evaluated knee
pain during three activities aYer six weeks of treatment, reported
clinically important higher pain scores in the NMES group during
step-down (MD 3.32, 95% CI 2.38 to 4.26), and step-up (MD 3.15,
95% CI 2.10 to 4.20); Analysis 2.2. This did not apply for pain
during squatting (MD 0.58, 95% CI -0.91 to 2.07). However, these
results must be considered in the context of the imbalances in
baseline pain scores, which were statistically significantly higher in
the NMES group: step-down: MD 2.12, 95% CI 0.2 to 4.04; step-up:
MD 1.90, 95% CI 0.01 to 3.79; and during squat: MD 1.77, 95% CI
0.22 to 3.32. Additionally, these findings disfavouring NMES were
contradicted in the abstract conclusions for this trial, which stated
that "Additional HVPGS [NMES] application in PFP rehabilitation
may decrease pain levels during activities including step up and
down".

Bily 2008 reported that the NMES group had a median pain score
of 1.5 (interquartile range (IQR) 0.3 to 2.8; 18 participants) at 12
weeks, while the control group had a median score of 1.3 (IQR 0.4
to 3.3; 18 participants) (reported P = 0.64). At one-year follow-up,
the NMES group had a higher median score of 1.8 (IQR 0.1 to 3.6;
16 participants), while the control group had a median score of 0.4
(IQR 0.2 to 3.4; 13 participants) (P value not available). However, the
study reported that the change score for pain at one-year follow-up
"remained constant" to that at 12 weeks (Analysis 2.1).

Knee function

Kaya 2013 measured knee function using the Lower Extremity
Functional Scale (LEFS) scale (0 to 80; higher scores indicate better
function) aYer six weeks of treatment. Tunay 2003 assessed knee
function using the Cincinnati Knee Rating System (6 to 100; higher
scores indicating better function) aYer three weeks of treatment.
Pooled results from these two studies did not confirm a diWerence
between the groups (standardised mean diWerence 0.37 favouring

NMES, 95% CI -0.11 to 0.84; 70 participants; I2 = 7%; Analysis 2.3).
The between-group diWerences in the two scores in the individual
trials were also small and unlikely to be clinically important (LEFS
scale: MD 0.73; Cincinnati score: MD 4.65).

Bily 2008 evaluated knee function using the Kujala Patellofemoral
Score (KPS) (0 to 100; higher scores indicating better function)
and found no statistically significant diWerence between groups
aYer the end of the 12-week treatment and at one year. AYer 12
weeks, the NMES group had a median score of 89 (IQR 82 to 96;
18 participants), while the control group had a median score of
90 (IQR 85 to 95; 18 participants) (reported P = 0.29). At one-year
follow-up, the NMES group had a median of 94 (IQR 88 to 96; 16
participants), while the control group had a median of 95 (IQR
85 to 96; 13 participants) (P value not available). There was no
clinically important diWerence in change score for KPS at 12 weeks
(MD 3.70, 95% CI -2.90 to 10.30; 36 participants; Analysis 2.4). The
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study reported that the change score for KPS at one-year follow-up
remained constant.

Muscle strength

Akarcali 2002 assessed muscle strength using Lovett’s manual
muscle test (graded between 0 and 5; higher scores indicating
better muscle strength). There was very little diWerence between
the two groups with good or normal muscle strength (grades 4 and
5) at the end of the six-week treatment: 20/20 versus 21/22; risk
ratio 1.04, 95% CI 0.92 to 1.19; very low-quality evidence; Analysis
2.5.

Bily 2008 (36 participants) evaluated isometric knee extensor
strength (measured in newtons (N)) through a specifically designed
chair (see Characteristics of included studies). Neuromuscular
electrical stimulation was associated with greater muscle strength
at 12 weeks (30° knee flexion: MD 38.30 N, 95% CI 13.71 to 62.89; and
60° knee flexion: MD 50.00 N, 95% CI 11.30 to 88.70; Analysis 2.6).
However, we are not confident about the clinical relevance of these
diWerences, especially since the muscle strengths before training
were greater in the NMES group at both knee flexion settings (MD
14 N and 36 N).

Comparison 3: NMES versus exercise

One trial compared NMES versus exercises (isometric and isokinetic
exercises), reporting results at the end of the four-week treatment
(short term) for 94 participants (Gobelet 1992). In our analyses, we
pooled data from the two exercise groups. Since Gobelet 1992 did
not report which knee was treated and assessed, we considered
the participant as the unit of analysis. Gobelet 1992 did not report
on knee pain, adverse events, performance tests, quality of life
or participant satisfaction. For both reported outcomes, we rated
the quality of the evidence as very low, downgrading one level for
serious risk of bias, one level for indirectness given the protracted
application of NMES (four hours per day), and one level for serious
imprecision, reflecting the low numbers available.

Knee function

Gobelet 1992, which used the Arpège function scale (0 to 18; higher
scores indicating better function) to assess knee function, found no
important diWerence in knee function at four weeks between the
two groups (MD -0.94, 95% CI -2.10 to 0.22; 94 participants; Analysis
3.1).

Muscle strength

Gobelet 1992 assessed muscle strength using an isokinetic
dynamometer (measured in Nm) at speeds of 30°/s and 300°/s.
There were no important diWerences in strength at four weeks
between the two groups at either speed (at 30°/s: MD 0.06 Nm, 95%
CI -29.67 to 29.79; 94 participants; at 300°/s: MD 1.04 Nm, 95% CI
-14.00 to 16.08; 94 participants; Analysis 3.2).

Comparison 4: NMES (simultaneous frequencies) versus
control NMES (sequential or fixed frequencies)

Two studies assessed this comparison (Callaghan 2001; Callaghan
2004). Callaghan 2001 compared simultaneously delivered high-
low frequencies versus sequentially delivered high-low frequencies
(control group). Callaghan 2004 compared simultaneously
delivered high-low frequencies versus a fixed frequency (control
group). Both studies assessed outcomes in the short term, at the

end of the six-week treatment programme. Neither study reported
on quality of life or participant satisfaction. We rated the quality of
the evidence as very low for all reported outcomes, downgrading
one level for serious risk of bias, one level for indirectness given the
experimental nature of the intervention, and one level for serious
imprecision, reflecting the low numbers available.

Knee pain (VAS: 0 to 10; higher scores = worse pain)

Both studies assessed this outcome and provided very low-
quality evidence of no important diWerence in knee pain between
the two groups at six weeks (MD 0.40, 95% CI -1.76 to 2.56;
14 participants; 1 study; Analysis 4.1). In Callaghan 2004 (74
participants), participants in the NMES group with simultaneous
frequencies had a median score of 2 points (IQR 0 to 4; 37
participants), and those in the NMES group with fixed frequencies
had a median score of 2 points (IQR 1 to 4; 37 participants) (reported
P = 0.249).

Knee function (KPS: 0 to 100; higher scores = better function)

We found very low-quality evidence of no important diWerence
between the groups in knee function at six weeks (MD -1.16, 95% CI

-6.79 to 4.47; 88 participants; 2 studies; I2 = 15%; Analysis 4.2).

Adverse events

Both studies assessed muscle fatigue only as an adverse event
(quadriceps fatigue rates through bipolar electrode surface EMG,
at 60% of maximum contraction for 60 seconds). Both studies
reported no statistically significant diWerence between groups
(Callaghan 2001: reported P > 0.05; Callaghan 2004: reported P =
0.724). There were no reports of dropouts due to adverse events.

Functional performance tests

Both studies assessed this outcome by combining the step-up and
step-down tests in a single measure ('steps up and down') and
presented the total number of steps achieved until the onset of
patellar pain. Neither study found evidence showing a diWerence
between the two groups at six weeks (MD 4.50 steps, 95% CI -8.21
to 17.21; 14 participants; 1 study; Analysis 4.3). In Callaghan 2004,
the participants of the NMES group with simultaneous frequencies
had a median of 27 steps (IQR 16 to 46; 37 participants), and those
in the NMES fixed-frequency group had a median of 28 steps (IQR
11 to 60; 37 participants) (reported P = 0.562).

Muscle strength

Both studies assessed quadriceps isometric and isokinetic muscle
strength using an isokinetic dynamometer (measured in Nm), with
angular velocity at 90°/s. Pooled results showed no evidence of
important diWerences between the two groups at six weeks for
either isometric muscle strength (MD -1.15 Nm, 95% CI -16.24

to 13.94; 88 participants; 2 studies; I2 = 0%; Analysis 4.4) or
isokinetic muscle strength (MD -7.28 Nm, 95% CI -24.45 to 9.89; 88

participants; 2 studies; I2 = 0%; Analysis 4.5).

Subgroup and sensitivity analyses

There were insuWicient data to perform our planned subgroup and
sensitivity analyses.
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Summary of main results

This review evaluated the eWects (benefits and harms) of NMES for
people with a diagnosis of PFP. We included eight heterogeneous
randomised clinical trials reporting results for a total of 345
participants. These studies contributed data to one of the four
comparisons summarised below.

NMES alone versus placebo (sham NMES)

One laboratory-based study compared a single 15-minute session
of NMES versus sham (placebo control) in 22 participants. This
study reported only on pain during two functional activities
assessed immediately aYer treatment (short term). We found very
low-quality evidence (downgraded one level for serious risk of bias,
one level for indirectness given that the single 15-minute session
of NMES does not correspond to clinical practice, and one level
for imprecision) that NMES is associated with reduced pain during
both functional activities. However, the 95% CI results also include
the probability that the diWerence was not clinically important.
There were no data on function, adverse events, or longer-term
outcomes. Overall, the evidence from this study is limited and of
uncertain clinical relevance.

NMES plus another intervention (e.g. exercise) versus no NMES
control plus the same other intervention

The evidence for this comparison, which is summarised in
Summary of findings for the main comparison, was from four
trials, each testing a diWerent multiple-session NMES programme.
Exercise was the common intervention in all four trials in this
comparison; in one trial patellar taping was also used, and in
another trial patellar taping and ice were also used.

We found very low-quality evidence from three trials (118
participants) that NMES is associated with reduced pain in the short
term (at the end of the 3 and 12 weeks' treatment programmes).
However, the 95% CI included the possibility that the diWerence
is not clinically important. We found very low-quality evidence
from pooled data from two trials of little eWect of NMES on knee
function at the end of treatment (three and six weeks). There
was inconclusive and very low-quality evidence from one trial (29
participants) of little eWect of NMES on pain and function at one-
year follow-up. None of the four trials reported on adverse eWects
of treatment.

NMES versus exercise

The evidence for this comparison, which is summarised in
Summary of findings 2, was from one trial (94 participants) that
compared NMES applied four hours per day on a daily basis for
four weeks, with two types of exercises (isometric and isokinetic).
The trial did not report on knee pain or adverse events. There was
very low-quality evidence of no important diWerence between the
two groups in knee function at the end of the four-week treatment
(short term).

Di?erent types of NMES

Two studies reporting data for 88 participants compared
simultaneously delivered high-low frequencies NMES versus
control NMES, which was either sequentially delivered high-low
frequencies (14 participants) or fixed frequency (74 participants).

We found very low-quality evidence of no important diWerences
at the end of the six-week treatment programme between the
simultaneous frequencies NMES and the control NMES in overall
knee pain, knee function, or quadriceps fatigue (adverse event).

Overall completeness and applicability of evidence

Overall, outcome data from the eight included trials were available
for 345 participants, thus 88.5% of the 390 randomised participants.
The majority (26 participants; 22% of 120) were lost from the
largest and oldest trial (Gobelet 1992). The eight trials contributed
data to one of four comparisons, thus reducing again the
quantity of data available to address individual questions. Clinical
and methodological heterogeneity among studies in the same
comparison precluded the pooling of data for several outcomes.
The maximum number of participants in any analysis was 118
participants from three studies (Analysis 2.1). There were very few
data for longer-term outcomes.

Except Glaviano 2016, which was carried out in a sports laboratory,
the trials were conducted in typical settings, with NMES applied in
outpatients or at home.

Where details were provided, the study populations were
representative of those treated for PFP. In three studies, the
minimum duration of the complaints was from one to three
months, which could present a better prognosis than the other
four studies, which only included participants who had symptoms
for more than six months. Three studies stipulated a maximum
duration of symptoms of three and five years, and a further study
recorded a maximum duration of symptoms of five years (Tunay
2003). On duration of symptoms alone, there was clearly a large
variation within each study. None of the included studies reported
the level of physical activity of their participants, which can also
influence treatment eWect. Finally, it was not possible to assess the
influence of age and gender in the eWectiveness of the intervention,
but these factors were in accordance with the incidence of the
disease. The variation in the inclusion and diagnostic criteria
and the actual population characteristics could thus limit the
applicability of the evidence.

The included studies used diWerent NMES devices and stimulation
parameters (e.g. frequency, pulse waveform, pulse duration, duty
cycle, intensity, and treatment duration), as well as diWerent
types of co-interventions (exercises, taping, ice). Only one study
compared NMES with placebo, and although this comparison is
considered clinically relevant (since it evaluates the specific active
eWect of electrostimulation), this study evaluated only a single
NMES session, which could be insuWicient to produce a true clinical
benefit. In contrast, in the study that compared NMES versus
exercise, participants were prescribed NMES for four hours a day,
which seems to be very demanding and impracticable. Moreover,
the length of treatment also varied between studies, ranging from
a single session to 12 weeks.

Although appropriate outcome measures were generally used,
most studies did not record or report on adverse events, and
none reported on quality of life and participant satisfaction,
both of which are important patient-related outcomes. Moreover,
most studies measured the outcome immediately at the end of
treatment (in the short term), and there were very few data on the
longer-term eWects of NMES.
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All these factors contribute to the poor quality and applicability of
the available evidence. For example, it is not possible to identify the
best NMES programme and whether it is applicable to all people
with PFP.

Quality of the evidence

All eight trials included in this review were at high risk of bias for
at least one of the seven assessed domains, and at unclear risk of
bias for several other domains, notably for allocation concealment,
where no trial was judged as meeting the criteria for low risk of
selection bias. We considered the overall quality of the evidence,
based on the GRADE approach, as very low for all primary outcomes
for each comparison, which means that we are very uncertain
about the estimates of treatment eWect. We downgraded evidence
levels due methodological limitations that resulted in serious risk
of bias, imprecision (small sample size and usually wide confidence
intervals), and indirectness (the NMES scheme did not correspond
to what is used in clinical practice, and the time point of pain
assessment was very far from the end of the intervention). We did
not assess publication bias due to the small number of studies
available for pooling. While there was clinical heterogeneity as
illustrated above, statistical heterogeneity was low in all pooled
analyses, and thus we did not downgrade for inconsistency.

Potential biases in the review process

To minimise the probability of bias, we followed the
recommendations on searching, trial selection, data extraction
and analysis in the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011). The search strategy was broad
and sensitive, and we anticipate that we have identified all fully
published randomised clinical trials that met the inclusion criteria.
However, we cannot rule out that we have missed some trials,
especially unpublished trials that are available, for example, only
in conference proceedings. We contacted all trial authors via email
for additional information. Although adhering to our protocol, our
decision to pool data from clearly heterogeneous trials may be
questioned (comparison 2). However, we have been cautious in our
interpretation of the results and made clear the limitations in the
applicability of the evidence.

Agreements and disagreements with other studies or
reviews

Although we did not find another published systematic review on
this topic, we located two Cochrane Reviews on related topics.
One Cochrane Review assessed the eWects of NMES for quadriceps
strengthening before and aYer total knee replacement (Monaghan
2010). Based on two studies with a high risk of bias, Monaghan
2010 concluded that the evidence for the use of NMES for this
clinical situation was unclear. A more recent Cochrane Review that
included 31 heterogeneous trials evaluated exercises for treating
PFP (van der Heijden 2015). van der Heijden 2015 concluded that
there is very low-quality but consistent evidence that exercise may

improve clinical outcomes such as pain, function, and long-term
recovery.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

This review found insuWicient and inconclusive evidence from
randomised trials to inform on the role of neuromuscular electrical
stimulation (NMES) for treating people with patellofemoral pain
(PFP) in current clinical practice. The very low-quality evidence
available means that we are uncertain whether or not a multiple-
session programme of NMES combined with exercise over several
weeks versus exercise alone results in a clinically important
diWerence in knee pain and function at the end of the treatment
period or at one year. There were no data on medium-term outcome
(between 3 and up to 12 months) and adverse eWects such as
muscle fatigue and discomfort.

Implications for research

In addition to insuWicient evidence for the use of NMES in
people with PFP, we note the absence of a) formal diagnostic
criteria for PFP, b) standardisation regarding NMES parameters,
and c) definition of priority outcomes. Achieving professional
and stakeholder consensus relating to these three aspects, thus
on the patient population, the NMES protocol, and outcome
assessment, is a key precursor to setting up high-quality,
multicentric randomised clinical trials to remedy the current lack
of evidence. Agreement is also required in terms of prioritisation
of research on NMES in the context of the known deficiencies in
the evidence relating to other interventions for PFP, for example
on exercise (van der Heijden 2015), and knee orthoses (Smith
2015). In addition to conforming to best-quality methodological
and reporting standards (CONSORT 2010), future trials on this topic
should assess adverse events related to the intervention, quality
of life, and patient satisfaction, and also include both short- and
long-term assessment of outcomes, crucially several months aYer
completion of the treatment.
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Characteristics of included studies [ordered by study ID]

 

Methods Randomised controlled trial

Trial protocol registration: not reported

Participants Country: Turkey

Setting: Hacettepe University, School of Physiotherapy and Rehabilitation, and Department of Or-
thopaedics and Traumatology, Ankara

Data collection period: not reported

Inclusion criteria: anterior knee pain (longer than 2 months), positive patellar compression test, age
between 15 and 45 years, negative findings in the clinical examination of knee ligaments, bursae,
menisci, synovial plicae, hamstring, quadriceps, and patellar tendons

Exclusion criteria: history or clinical evidence of patellofemoral dislocation, subluxation, or severe os-
teoarthritis, X-rays showing lateral displacement of the patella

Mean duration of symptoms: 15.74 ± 9.31 months

62.5% of bilateral complaints, but only the most symptomatic knee was treated

Study participants: 44 people with patellofemoral pain assigned and 42 assessed

1. NMES + exercise: n = 22/available for analysis = 20

2. Only exercises: n = 22/available for analysis = 22

Mean age (SD): 39.0 (9.6) years

Gender (number of women/men): 31/13

Interventions Comparison: NMES + other intervention (exercise) versus no NMES + same other intervention

Treatment duration: 6 weeks
Treatment setting: outpatient rehabilitation programme

Details of interventions:

1. NMES programme: Portable HVPGS, monophasic (twin-peak pulse) waveform, pulse duration 65 to 75
µs, intensity amplitude ranges from 0 to 300 V, pulse frequency of 60 pulses per second. 2 self adhesive
electrodes positioned over the VMO: the proximal electrode was placed 4 cm superior to the supero-
medial border of the patella, and the distal electrode 3 cm medial to this point. Participants in weight-
bearing position with a comfortable amount of knee flexion. The muscle was stimulated while the
participant executed an active contraction of the quadriceps. The intensity of stimulation was adjust-
ed to a level that induced a contraction as close as to a maximum voluntary contraction but without
patellofemoral pain. Treatment duration: 10 minutes, 5 times a week.
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2. Exercise programme: Both groups followed the same exercise programme (total of 30 sessions). First
2 weeks: quadriceps sets, straight leg raises, hip adductor strengthening exercises (to facilitate VMO
contraction), eccentric quadriceps contraction by leg-lowering exercises, leg pulls using a rubber
tube. Weeks 2 to 4: bilateral shallow squats, toe rises on both feet, leg pulls using a rubber tube in
a standing position, stretching exercises for iliotibial band, hamstring, quadriceps, and triceps surae
muscles. Weeks 4 to 6: step-downs, bilateral deep squats, 1-legged shallow squats, exercises for lower
extremity balance, cycling on a stationary bicycle, toe raises of 1 foot, hopping activities. The progres-
sion of load and exercises was individually prescribed according to the level of perceived pain. Ice was
used after exercises to minimise latent soY-tissue pain.

Outcomes Outcomes analysed in the study and used in this review:

1. Knee pain: VAS

2. Muscle strength: assessed through Lovett’s manual muscle test (graded between 0 and 5; higher scores
indicating better muscle strength) (Kendall 2005):
• zero indicates no contraction;

• 1 indicates visible muscle contraction without joint movement;

• 2- to 2+ indicates poor strength (ability to move through full active range of motion);

• 3- to 3+ indicates fair strength (hold test position);

• 4- to 4+ indicates good strength (hold test position against slight to moderate manual resistance);

• 5 indicates normal strength (hold test position against strong manual resistance).

Follow-up assessments: at 6 weeks (at end of treatment)

Notes Description of condition: patellofemoral pain syndrome

The trial authors provided additional information on random sequence generation, allocation conceal-
ment, and blinding (participants, personnel, and assessors) via email (10 March 2015).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The subjects were randomly introduced into either HVPGS and exer-
cise, or only exercise (control group)"

Authors' reply: "At the time of study, it was feasible for us to use coin tossing
technique to assign patients to either HVPGS and exercise group, or only exer-
cise (control group) in consecutively."

Allocation concealment
(selection bias)

Unclear risk Available information did not permit judgement.

Authors' reply: "Assigning patients to intervention groups was done by the first
author with coin tossing technique to prevent second and third author/re-
searcher from influencing concealing the allocation sequence in the study."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Available information did not permit judgement.

Authors' reply: "Patients were also blinded to their intervention groups. Exer-
cise programs were applied by physiotherapist (third researcher/author)"

However, since no sham/placebo was used, it is unlikely that the blinding was
kept.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Available information did not permit judgement.

Authors reply: "Pre and post treatment muscle strength and VAS measure-
ments were evaluated by the same physiotherapist (second researcher) who is
blind from the patient’s group"
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Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Quote: “Two patients of the HVPGS group did not complete the study and their
data results were excluded” (4.5% dropout)

No reasons were provided. We are uncertain of the potential effect of these
missing data.

Selective reporting (re-
porting bias)

Unclear risk No study protocol available. It is not clear if the results included all expect-
ed outcomes (e.g. retropatellar pain during activities: steps up and down and
squatting). This study did not consider adverse event as an outcome.

Other bias Low risk The study appears to be free of other sources of bias. Baseline characteristics
were balanced between groups.

Akarcali 2002  (Continued)

 
 

Methods Randomised controlled trial

Trial protocol registration: not reported

Participants Country: Austria

Setting: Department of Physical Medicine and Rehabilitation, Wilhelminenspital Vienna and Core Unit
for Medical Statistics and Informatics, Section of Clinical Biometrics, Medical University of Vienna

Data collection period: between June 2003 and August 2005

Inclusion criteria: bilateral anterior knee pain for 6 to 120 months and at least 3 of the following 4 clin-
ical criteria: pain associated with prolonged sitting with bended knees, descending stairs, kneeling and
squatting, or sports activities

Exclusion criteria: clinical evidence of patellar dislocation or subluxation, periarticular bursitis or ten-
donitis, ligamentous instability, or intra-articular pathology. Before beginning therapy, all participants
were thoroughly clinically examined. Those who did not reveal any obvious reason for a systemic disor-
der like patellar or lower-extremity alignment problems or benign joint hypermobility syndrome were
not excluded. To rule out osteoarthritic changes or hypoplastic femoral trochlea, radiographs were per-
formed. Pregnancy, a history of knee surgery, or oral or intra-articular administration of drugs within
the last 3 months

Mean duration of symptoms: 14 months (6 to 24)

Only bilateral complaints (but did not clarify which knee was treated and assessed)

Study participants: 38 people with patellofemoral pain assigned and 29 assessed

1. NMES + exercise: n = 19/available for analysis after treatment = 18; and after 12 months = 13

2. Only exercises: n = 19/available for analysis after treatment = 18; and after 12 months = 16

Mean age (SD): 25.4 (6.7) years

Gender (number of women/men): 24/14

Interventions Comparison: NMES + other intervention (exercise) versus no NMES + same other intervention

Treatment duration: 12 weeks
Treatment setting: at home

Details of interventions:

1. NMES programme: 2-channel portable device, asymmetric biphasic pulses for a duration of 0.26 ms,
duty cycle of 5:10, maximal amplitude 80 mA, frequency 40 Hz. Four self adhesive electrodes were
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placed respectively on both ends of the quadriceps muscles. Treatment duration: 2 20-minute ses-
sions with a minimum of 60-minute rests between each session. The intensity of the stimulation was
kept as high as possible; however, pain tolerance and participant discomfort were modifying factors.

2. Training programme: Both groups of participants followed the same exercise programme: isomet-
ric, concentric, excentric leg raises, stepping and squatting exercises. Balance exercises started from
week 4 onward and consisted of standing on 1 leg for 2 minutes each. To increase the exercise demand,
participants were instructed to draw circles in the air with the free contralateral leg from week 6 on-
ward. From week 8 onward, participants had to do the 1-legged balance exercises in a toe-raised po-
sition with drawing circles with the contralateral leg in weeks 11 and 12. Static stretching exercises of
the calf and thigh muscles consisted of 3 sets of 10-second passive sustained stretching for each mus-
cle group performed by the participants themselves at the end of each training session from weeks 4
to 12. Treatment duration: participants were instructed on daily training during the first 2 weeks and
had a group session once a week under the supervision of the same physical therapist. From the third
week on, they were instructed to train with higher loads 3 times a week for a total of 12 weeks.

Outcomes Outcomes analysed in the study and used in this review:

1. Knee pain: VAS, during activities (descending stairs, prolonged sitting, kneeling, or squatting) and dur-
ing sport movements (walking, jogging, jumping)

2. Knee function: Kujala Patellofemoral Score

3. Muscle strength: Strength measurements were performed in a sitting position using a specifically de-
signed chair. Strain gauges, connected in a full bridge circuit configuration, were placed on a lever
near the centre of rotation and the output fed to a measurement amplifier. Participants were fixed
with shoulder and hip straps and performed 3 maximal isometric contractions of the knee extensors
of 10 seconds in 30° and 60° knee flexion with a 2-minute rest between the contractions. The peak
extension torque was recorded, and the best result of the 3 attempts was used for calculation.

Follow-up assessments: at 12 weeks (at end of treatment) and 1 year

Notes Description of condition: patellofemoral pain syndrome

The trial authors provided additional information on random sequence generation, allocation conceal-
ment and blinding (participants, personnel, and assessors) via email (16 March 2015).

Additionally, the trial authors provided information regarding which knee was treated and assessed (9
August 2016). Authors' reply: "EMS was applied on both knees"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Authors' reply: "Random allocation of the patients to the 2 treatment groups
was performed by using shuffled sealed envelopes”

Allocation concealment
(selection bias)

Unclear risk Authors' reply: "With sealed envelopes"

The authors did not mention if the envelopes were opaque.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Participants: probably not done because the interventions were different be-
tween groups.
Personnel: probably not done due to the nature of the intervention.

Authors' reply: No measures were used to ensure blinding.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Available information did not permit judgement.

Authors' reply: No measures were used to ensure blinding.

Bily 2008  (Continued)
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Incomplete outcome data
(attrition bias) 
All outcomes

High risk Some participants did not complete the study (5.2% dropout at the end of the
treatment and 19% dropout in the long term), and it is unclear how the au-
thors dealt with these missing data.

Selective reporting (re-
porting bias)

Unclear risk No study protocol available. It is not clear if the results included all expected
outcomes. This study did not consider adverse event as an outcome.

Other bias Unclear risk The study appears to be free of other sources of bias. However, although base-
line characteristics were balanced between groups, muscle strength before
training was greater in the NMES group.

Bily 2008  (Continued)

 
 

Methods Randomised controlled trial

Trial protocol registration: not reported

Participants Country: United Kingdom

Setting: Centre for Rehabilitation Science, Manchester Royal Infirmary, Manchester

Data collection period: not reported

Inclusion criteria: atraumatic peripatellar pain (greater than 6 months and not longer than 3 years);
patellofemoral pain was provoked by 1 of the following alone or in combination: prolonged sitting,
deep squatting, kneeling, ascending or descending stairs; quadriceps cross-sectional area differences
between affected and unaffected limb greater than 4%

Exclusion criteria: epilepsy, cancer, cardiac pacemaker, suspected heart problem, recent surgery
(not including arthroscopy). In order to exclude abnormal foot and ankle pronation as the cause of
patellofemoral pain, the participants were screened by kinetic gait analysis to detect abnormal values
of mediolateral force. Pain from the lumbar spine and hip joint, severe leg length discrepancy, knee
ligament, quadriceps tendon, and meniscal pathologies, Hoffa’s syndrome, medial plica syndrome,
femoral anteversion and tibial torsion

Mean duration of symptoms: not reported

All unilateral complaints

Study participants: 16 people with patellofemoral pain assigned and 14 assessed

1. NMES (simultaneously delivered frequencies): n = 8/available for analysis = 7

2. NMES (sequentially delivered frequencies): n = 8/available for analysis = 7

Mean age (SD): 29.6 (5.9) years

Gender (number of women/men): 12/2

Interventions Comparison: NMES (simultaneous mixed frequencies) versus control NMES (sequential mixed frequen-
cies)

Treatment duration: 6 weeks
Treatment setting: at home

Details of interventions:

1. NMES with simultaneously combined high- and low-frequency components: 2-channel portable, asym-
metrical biphasic pulse, maximum amplitude of 90 mA, duty cycle of 10:50, pulse duration 200 μs.
Stimulation pattern: 3 simultaneously delivered components (a background low-frequency compo-
nent, a high-frequency component superimposed on the background at regular intervals, and a ‘dou-
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blet’ of pulses delivered within the higher-frequency burst). 2 self adhesive electrodes positioned over
the quadriceps muscle group. Treatment duration: 60 minutes daily, for 6 weeks.

2. NMES with sequentially combined frequencies: 3-channel stimulator, bipolar, biphasic asymmetrical
rectangular pulses. Stimulation parameters and treatment duration: once a day, 5 days a week for the
first 2 weeks (2 minutes at 8 Hz pulse width 250 μs; 20 minutes at 35 Hz pulse width 350 μs; 3 minutes
at 3 Hz pulse width 250 μs), and then 3 times a week for weeks 3 and 4 and twice a week for the last 2
weeks (2 minutes at 8 Hz pulse width 250 μs; 20 minutes at 45 Hz pulse width 350 μs; 3 minutes at 3
Hz pulse width 250 μs). 2 self adhesive electrodes positioned over the quadriceps muscle group.

Outcomes Outcomes analysed in the study and used in this review:

1. Knee pain: VAS

2. Knee function: Kujala Patellofemoral Score

3. Adverse events: muscle fatigue rate assessed by bipolar electrode surface EMG (median frequency
calculated at 1-second intervals during a sustained 60-second contraction at 60% of maximum)

4. Lower limb muscle function: functional performance tests: step-up (the number of steps the partici-
pant could climb up onto a 25-centimetre step), step-down (the number of steps down a 25-centime-
tre step), and squat flexion (the amount of knee flexion participants could achieve from a standing
position until the onset of their patellar pain, measured by a universal goniometer)

5. Muscle strength: quadriceps isometric and isokinetic muscle strength measured through an isokinetic
dynamometer (angular velocity at 90°/s)

Follow-up assessments: 6 weeks (at end of treatment)

Notes Description of condition: patellofemoral pain syndrome

The trial authors provided additional information on NMES parameters via email (9 March 2015).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Patients were randomly allocated by computer program to either the
experimental stimulation or standard stimulation treatment regimes"

Allocation concealment
(selection bias)

Unclear risk Available information did not permit judgement.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participants: Available information did not permit judgement.
Personnel: Available information did not permit judgement.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Available information did not permit judgement.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 2 participants (12% dropout) did not complete the study and were excluded
from the analysis.

Selective reporting (re-
porting bias)

Low risk No study protocol available. The authors considered only 1 adverse event
(muscle fatigue); however, this is 1 of the most important adverse events in
clinical practice.

Other bias Unclear risk Unable to judge because it is unclear if the groups were similar regarding rele-
vant characteristics at baseline (age, gender, level of pain)

Callaghan 2001  (Continued)
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Methods Randomised controlled trial

Trial protocol registration: not reported

Participants Country: United Kingdom

Setting: Centre for Rehabilitation Science, Manchester Royal Infirmary, Manchester

Data collection period: not reported

Inclusion criteria: atraumatic peripatellar pain (greater than 6 months and not longer than 3 years),
patellofemoral pain was provoked by 1 of the following alone or in combination: prolonged sitting,
deep squatting, kneeling, ascending or descending stairs

Exclusion criteria: epilepsy, cancer, cardiac pacemaker, suspected heart problem, recent surgery
(not including arthroscopy). In order to exclude abnormal foot and ankle pronation as the cause of
patellofemoral pain, the participants were screened by kinetic gait analysis to detect abnormal values
of mediolateral force. Presence of other lower extremity dysfunction that could account for the knee
symptoms

Mean duration of symptoms: not reported

All unilateral complaints

Study participants: 80 people with patellofemoral pain assigned and 74 assessed

1. NMES (simultaneously delivered, mixed frequency): n = 38/available for analysis = 37

2. NMES (fixed frequency): n = 41/available for analysis = 37

Mean age (SD): 35 (11.4) years

Gender (number of women/men): 43/31

Interventions Comparison: NMES (simultaneous mixed frequencies) versus control NMES (fixed frequency)

Treatment duration: 6 weeks
Treatment setting: at home

Details of interventions:

1. NMES device with simultaneously delivered, mixed frequency: 2-channel portable, asymmetrical bipha-
sic pulse, maximum amplitude of 90 mA, duty cycle of 10:50 delivering 90 impulses/min, pulse dura-
tion 200 μs. Stimulation pattern: simultaneously delivered frequency components of 83, 50, 2.5, and 2
Hz with a doublet of pulses (125 Hz) at the beginning of each pulse train. The pulse train was repeated
once every minute and consisted of the following interpulse intervals: 8, 12, 20, 20, 20, 400, and 500
ms. 2 self adhesive electrodes over the quadriceps muscle group, 1 placed on the upper lateral thigh
and the other on the lower medial thigh. Treatment duration: 60 minutes daily.

2. NMES device with fixed frequency: Asymmetric biphasic rectangular waveform, maximum amplitude
100 mA, duty cycle 10:50 delivering 350 impulses/min, pulse duration 300 μs, fixed frequency of 35
Hz. Four self adhesive electrodes were placed over the quadriceps muscle group. Treatment duration:
daily stimulation periods lasting 60 minutes.

Stimulation intensity for both groups was the highest comfortably tolerable for all the participants.

Outcomes Outcomes analysed in the study and used in this review:

1. Knee pain: VAS

2. Knee function: Kujala Patellofemoral Score

3. Adverse events: muscle fatigue rate assessed by bipolar electrode surface EMG (median frequency
calculated at 1-second intervals during a sustained 60-second contraction at 60% of maximum)

Callaghan 2004 
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4. Lower limb muscle function: functional performance tests: step-up (the number of steps the partici-
pant could climb up onto a 25-centimetre step), step-down (the number of steps down a 25-centime-
tre step), and squat flexion (the amount of knee flexion participants could achieve from a standing
position until the onset of their patellar pain, measured by a universal goniometer)

5. Muscle strength: quadriceps isometric and isokinetic muscle strength measured through an isokinetic
dynamometer (angular velocity at 90°/s)

Follow-up assessments: 6 weeks (at end of treatment)

Notes Description of condition: patellofemoral pain syndrome
3 participants were excluded due to device failure.

The trial authors provided additional information on NMES parameters via email (9 March 2015).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was performed by consulting 4 computer-generated
randomization lists, 1 for each of the 4 stratified groups."

Allocation concealment
(selection bias)

Unclear risk Available information did not permit judgement.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participants: Available information did not permit judgement.
Personnel: Quote: "To preserve the blinding for the study, both devices were
fully explained to and demonstrated on the patients by an independent inves-
tigator"

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "The lead investigator who examined and measured the patients was
not part of the randomisation process, thus ensuring blindness to the stimula-
tor allocation"

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Some participants did not complete the study (12% dropout), and their data
were excluded from the analysis. Losses not balanced between groups.

Selective reporting (re-
porting bias)

Low risk No study protocol available. The authors considered only 1 adverse event
(muscle fatigue); however, this is 1 of the most important adverse events in
clinical practice.

Other bias Low risk The study appears to be free of other sources of bias. Baseline characteristics
were balanced between groups.

Callaghan 2004  (Continued)

 
 

Methods Double-blinded, randomised sham-controlled trial

Trial protocol registration: not reported

Participants Country: United States

Setting: laboratory (single NMES session)

Data collection period: not described

Inclusion criteria: age between 15 and 65, atraumatic knee pain (greater than 3 months), pain with
more than 2 of the following activities: jumping, kneeling, prolonged sitting, quadriceps contraction,
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running, squatting, or stair climbing or when pressure was placed on the patella. Participants were re-
quired to score less than 85 of 100 on the Anterior Knee Pain Scale.

Exclusion criteria: previous knee surgery, ligamentous instability, meniscal injury, or other sources
of anterior knee pain, such as patellar tendinitis, bursitis, or patella subluxation. Contraindications to
electrical stimulation: implanted biomedical devices, history of neuropathy, muscular abnormality, hy-
persensitivity to electrical stimulation, or active infection where the electrodes would be placed.

Mean duration of symptoms: not reported

People who presented bilateral complaints were included, but only the most symptomatic knee was
treated.

Study participants: 22 people with patellofemoral pain assigned and assessed

1. NMES group: n = 11

2. Sham group: n = 11

Mean age (SD): 26.0 (7.9) years

Gender (number of women/men): 15/7

Interventions Comparison: NMES versus placebo

Treatment duration: single session (15-minute treatment)
Treatment setting: laboratory

Details of interventions:

1. NMES programme: PENS: biphasic asymmetric square-wave pattern of 50-hertz pulse frequency, 70-
microsecond phase duration, and 200-millisecond stimulus train. 2 channels were used to deliver al-
ternating patterns, mimicking the agonist-antagonist muscle pattern that is seen in healthy people
during functional tasks. Channel 1 consisted of 2 self adhesive electrodes positioned over the agonist
muscles (gluteus medius and VMO), and channel 2 consisted of 2 electrodes positioned over the an-
tagonist muscles (the middle of the adductor muscle group and the middle of the hamstrings mus-
cle group). The patterned stimulus was a 200-millisecond contraction to channel 1, a 200-millisecond
contraction to channel 2, and finally a 120-millisecond contraction to channel 1. Participants were
positioned on a treatment table with the hip and knee flexed to approximately 90º for the single 15-
minute treatment, which resulted in a strong motor contraction visible to the researcher.

2. Sham group: Participants received a single 15-minute treatment (identical device settings were ap-
plied); however, the amplitude was only increased to 1 mA, which is the minimum stimulus allowed
for the device display to light up and activate the timer to replicate a true treatment, even though no
participant could perceive stimulation. The electrodes were placed at the same muscles as described
above. Participants were instructed that they were receiving a "subsensory" treatment.

At the end of the intervention, the PENS electrodes were removed, and the participants were instructed
to perform 2 functional movements. Outcome data were collected for both tasks.

• Single-leg squat: the participant was instructed to stand on the injured leg and squat so that the knee
was flexed to more than 60° and then return to the starting position. The participant was instructed to
maintain the non-standing limb at 90° of knee flexion for the duration of the task. The time to perform
the task was standardised: 2 seconds to lower and 2 seconds to return to the starting position.

• Lateral step-down: the participant stood on a step that was normalised to 10% of his or her height,
lowered himself or herself until the contralateral heel touched a force plate, and then returned to the
starting position. A 4-second time period was also used for this task.

Outcomes Outcomes analysed in the study and used in this review:

1. Knee pain: VAS: participants placed a vertical mark on a 10-centimetre VAS line for the pain they ex-
perienced during both tasks.

Glaviano 2016  (Continued)
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Follow-up assessments: immediately at the end of the single-session treatment (after completing the
single-leg squat and lateral step-down)

Notes Description of condition: patellofemoral pain

The trial authors provided additional information on random sequence generation, allocation conceal-
ment, and blinding (participants, personnel, and assessors) via email (12 August 2016).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Available information did not permit judgement.

Allocation concealment
(selection bias)

Unclear risk Quote: "One researcher concealed treatment interventions in envelopes,
which were randomly allocated to participants before enrolment."

The authors did not mention if the envelopes were sealed and opaque.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Quote: "sham controlled laboratory study"

Since the authors did not exclude people who had received previous NMES
therapy, it is difficult to affirm that the blinding was effective.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Quote: "At the conclusion of the 15-minute treatment, electrodes were re-
moved, the blinded researcher leY the laboratory, and the primary researcher
returned to the laboratory to conduct post-intervention assessments"

It is not clear if the outcome assessor was blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All participants completed the study.

Selective reporting (re-
porting bias)

High risk No study protocol available. It is unclear if the results included all expected
outcomes. This study did not consider adverse event as an outcome. Anoth-
er report of this study that included a subgroup of 15 females presented the
same baseline characteristics (age, height, mass, anterior knee pain score, and
VAS pain knee) as those for the 22 participants in the study.

Other bias Unclear risk Although the baseline characteristics were balanced between groups, we are
uncertain whether these are correct. The pain scores (1.9 in both groups) were
below the threshold ("more than 2") for inclusion in the trial.

Glaviano 2016  (Continued)

 
 

Methods Randomised controlled trial

Trial protocol registration: not reported

Participants Country: Switzerland

Setting: Physical Medicine and Rehabilitation, Sion Hospital, Switzerland and Orthopaedic Hospital of
Lausanne

Data collection period: not reported

Gobelet 1992 
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Inclusion criteria: non-traumatic retropatellar painful chondropathy, without radiological lesion, with
or without Wiberg patellar dysplasia type I or II

Exclusion criteria: Wiberg dysplasia type III

Mean duration of symptoms: not reported

% of bilateral complaints not reported.

Study participants: 120 people with patellofemoral pain assigned and 94 assessed

1. NMES: n = 28 assessed

2. Isokinetic exercise: n = 40 assessed

3. Isometric exercise: n = 26 assessed

Mean age (SD): 26.4 (11.2) years
Gender (number of women/men): 50/44

Interventions Comparison: NMES versus exercise (isokinetic) versus exercise (isometric)

Treatment duration: 4 weeks
Treatment setting: at home

Details of co-interventions:

1. NMES programme: 4-channel portable device, monophasic or biphasic rectangular waveform, pulse
duration 200 μs, duty cycle of 15:45, frequency of 10 and 50 Hz. Stimulation pattern: 60 minutes at 10
Hz continuous, 30 minutes at 50 Hz with tetanic contractions, and 30 minutes at 10 Hz continuous.
Electrodes were positioned over the VMO. Treatment duration: 2 hours, twice a day, daily.

2. Isokinetic exercise: Isokinetic exercises using an isokinetic dynamometer (Cybex II): flexion/extension
(angular velocity between 30°/s and 300°/s). Series lasted 1 minute, with a break of 30 seconds to 2
minutes. Treatment duration: 25 to 30 minutes, 3 times a week.

3. Isometric exercise: Relaxation of the external passive structures, stretching the hamstrings and rectus,
and a static proprioceptive rehabilitation. Treatment duration: 30 to 45 minutes, 3 times a week.

Outcomes Outcomes analysed in the study and used in this review:

1. Knee function: Arpège function scale

2. Muscle strength: quadriceps isometric and isokinetic strength using an isokinetic dynamometer (an-
gular velocity at 30°/s and 300°/s)

Follow-up assessments: 4 weeks (at end of treatment)

Notes Description of condition: retropatellar chondropathy

It was not possible to obtain additional data on random sequence generation, allocation conceal-
ment, and blinding (participants, personnel, and assessors) after attempt to contact authors by email
(9 March 2015).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Available information did not permit judgement.

Allocation concealment
(selection bias)

Unclear risk Available information did not permit judgement.

Gobelet 1992  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Participants: probably not done because the interventions were different be-
tween groups.
Personnel: probably not done due to the nature of the intervention.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "The evaluation of the isokinetic strength and Arpège criteria was per-
formed by a neutral observer. This investigator does not belong to the rehabil-
itation team"

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Some participants did not complete the study (22% dropout) and it is unclear
how the authors dealt with these missing data. Losses imbalanced between
the groups.

Selective reporting (re-
porting bias)

Unclear risk No study protocol available. It is unclear if the results included all expected
outcomes. This study did not consider adverse event as an outcome.

Other bias Unclear risk This study provided no information on the side(s) affected, and it is unclear
which knee was treated.

Gobelet 1992  (Continued)

 
 

Methods Randomised controlled trial

Trial protocol registration: not reported

Participants Country: Turkey

Setting: Faculty of Medicine, Department of Sports Medicine, Hacettepe University, Ankara

Data collection period: not reported

Inclusion criteria: pain longer than 6 months, presence of retropatellar pain, crepitation and pain in
patellar grinding, age between 18 to 40 years, no abnormalities on magnetic resonance imaging

Exclusion criteria: history or clinical evidence of patellofemoral dislocation, subluxation, or os-
teoarthritis, presence in the clinical examination of injury or dysfunction to the knee ligaments, bursae,
menisci, and synovial plicae, history of lower extremity surgery, radiographic evidence of osteoarthritis
in any compartments of the knee joint.

Mean duration of symptoms: not reported

All unilateral complaints

Study participants: 30 participants with patellofemoral pain assigned and assessed

1. NMES + exercises + patellar taping (n = 15)

2. Exercises + patellar taping (n = 15)

Mean age (SD): 42.7 (10.0) years

Gender (number of women/men): only women were included.

Interventions Comparison: NMES + other intervention (exercise + taping) versus no NMES + same other intervention

Treatment duration: 6 weeks

Treatment setting: outpatient rehabilitation programme

Details of interventions:

Kaya 2013 
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1. NMES programme: Portable HVPGS, monophasic (twin-peak pulse) waveform, pulse duration 65 to 75
µs, intensity amplitude ranges from 0 to 300 V, pulse frequency of 60 pulses per second. The proximal
electrode was placed 4 cm superior to the superomedial border of the patella, and the distal electrode
was placed 3 cm medial to the first point. Participants in sitting position with their knees extended
were ordered to perform quadriceps isometric exercise with the stimulation. The intensity of stimu-
lation was adjusted to produce a strong contraction without causing patellofemoral pain. Treatment
duration: 20 minutes, 5 times a week.

2. Home exercise programme: Isometric quadriceps exercises in sitting, straight leg raise exercises (neu-
tral position) with ankle weights, terminal knee extension exercises with ankle weights, wall squats
with ball between the knees, split squats with elastic band (blue colour), step-down exercises (back-
ward, forward, and sideway), and single-leg balance exercises in different knee angles with elastic
band (blue colour). Stretching exercises included quadriceps, iliotibial band, hamstrings, and gastroc-
nemius muscles.

3. Patellar-taping technique described by McConnell to correct patellar malposition. First a subtape was
applied, while taking care not to place any tension on the participant’s skin. After the application of a
subtape, a corrective tape was applied. Corrections were applied to obtain anterior tilt, medial glide,
medial tilt, and unloading the fat pad until the participant’s pain was reduced by at least 50%.

Outcomes Outcomes analysed in the study and used in this review:

1. Knee pain: VAS

2. Knee function: Lower Extremity Functional Scale (LEFS)

Follow-up assessments: short term (6 weeks)

Notes Description of condition: patellofemoral pain syndrome

This trial had 3 treatment arms. Data from 1 group (NMES alone) were not included in this review.

It was not possible to obtain additional data on random sequence generation, allocation concealment,
and blinding (participants, personnel, and assessors) after attempt to contact the authors by email (10
March 2015).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: “The patients were randomly allocated into three groups by the second
author who was blinded in measurements and assessments”

The sentence above is unclear about the method used.

Allocation concealment
(selection bias)

Unclear risk Available information did not permit judgement.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Participants: probably not done because the interventions were different be-
tween groups.
Personnel: probably not done due to the nature of the intervention.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: “The patients were randomly allocated into three groups by the second
author who was blinded in measurements and assessments”

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: "All patients completed the rehabilitation program and all assessment
procedures"

Selective reporting (re-
porting bias)

High risk No study protocol available. It is unclear if the results included all expected
outcomes. This study did not consider adverse event as an outcome. The con-

Kaya 2013  (Continued)
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clusions for pain were contradicted by the data, raising doubts regarding their
reliability.

Other bias High risk Baseline characteristics were balanced between groups, except for pain, which
was significantly lower in the control group for all 3 functional activities.

Kaya 2013  (Continued)

 
 

Methods Randomised controlled trial

Trial protocol registration: not reported

Participants Country: Turkey

Setting: Hacettepe University, School of Physiotherapy and Rehabilitation, Sports Physiotherapy and
Gulhane Military Medical Academy, Department of Orthopaedics and Traumatology, Ankara

Data collection period: not reported

Inclusion criteria: unilateral patellofemoral pain lasting more than 1 month

Exclusion criteria: history or clinical findings of patellar dislocation, meniscal or ligamentous injury,
synovial plicae, knee surgery or trauma

Mean duration of symptoms: 1.8 years (range 1 month to 5 years)

All unilateral complaints

Study participants: 40 people with patellofemoral pain assigned and assessed

1. NMES + exercises + patellar taping + ice (n = 20)

2. Exercises + patellar taping + ice (n = 20)

Mean age (SD): 32.9 (7.3) years

Gender (number of women/men): no information

Interventions Comparison: NMES + other intervention (exercise, taping, and ice) versus no NMES + same other inter-
vention

Treatment duration: 3 weeks (total of 15 sessions)
Treatment setting: outpatient rehabilitation programme

Details of interventions:

1. NMES programme: Frequency of 30 Hz, duty cycle of 5:10, pulse duration 300 μs, pulse intensity: visible
contraction. Electrode position was not reported. Stimulation session duration of 10 minutes.

2. Exercise programme: Terminal knee extension with elastic band, straight leg raise exercise, hip
strengthening exercises with elastic band in standing position, lunge exercise, hamstring and iliotibial
band stretching exercises with elastic band (2 times a day).

3. Patellar taping (not described).

4. Ice (not described).

Outcomes Outcomes analysed in the study and used in this review:

1. Knee pain: VAS

2. Knee function: Cincinnati Knee Rating System

Follow-up assessments: short term (3 weeks)

Tunay 2003 
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Notes Description of condition: patellofemoral pain syndrome

This trial had 4 treatment arms. Data from 2 groups (NMES, ice, medial patellar glide and exercises; ice
and home exercises) were not included in this review.

The trial authors provided additional information on NMES parameters and exercise programme via
email, confirming that "same exercises were given to the all groups" (12 March 2015).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Available information did not permit judgement.

Allocation concealment
(selection bias)

Unclear risk Available information did not permit judgement.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Participants: probably not done because the interventions were different be-
tween groups.
Personnel: probably not done due to the nature of the intervention.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Available information did not permit judgement, but seems unlikely given the
nature of the intervention.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk It is not clear if there were losses.

Selective reporting (re-
porting bias)

Unclear risk No study protocol available. It is unclear if the results included all expected
outcomes. This study did not consider adverse event as an outcome.

Other bias Low risk The study appears to be free of other sources of bias. Baseline characteristics
were balanced between groups.

Tunay 2003  (Continued)

EMG: electromyography
HVPGS: high-voltage pulsed galvanic simulation
mA: milliamp
NMES: neuromuscular electrical stimulation
PENS: patterned electrical neuromuscular stimulation
SD: standard deviation
VAS: visual analogue scale
VMO: vastus medialis oblique
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Dursun 2001 The purpose of this randomised controlled trial was to investigate the effects of electromyograph-
ic biofeedback treatment in people with patellofemoral pain (biofeedback group versus control
group). No neuromuscular electrical stimulation intervention.

Kuru 2012 This was not a randomised or quasi-randomised controlled trial.
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Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Rehabilitation with patterned electrical neuromuscular stimulation for patients with
patellofemoral pain (PENS for PFP)

Methods Randomised controlled trial

Participants Country: United States

Setting: University of Virginia, Charlottesville

Data collection period: this study was recruiting participants (verified May 2015)

Inclusion criteria: insidious onset of symptoms, presence of peripatellar or retropatellar knee pain
during at least 2 of the following functional activities: stair ascent or descent, running, kneeling,
squatting, prolonged sitting, jumping; pain for more than 3 months (> 3/10 on VAS); 85 or less on
the Anterior Knee Pain Scale

Exclusion criteria: previous knee surgery; internal derangement; ligamentous instability, other
sources of anterior knee pain (patella tendonitis, Osgood Schlatter, knee plica, etc.), neurological
involvement, any biomedical device; muscular abnormalities; currently pregnant; hypersensitivity
to electrical stimulation; active infection over the site of the electrode placement

Study participants: people with patellofemoral pain, ages between 15 and 40 years, both genders

Estimated sample: 32 participants

Interventions Comparison: NMES versus placebo

Treatment duration: single session (15-minute treatment)
Treatment setting: outpatient rehabilitation programme

Details of interventions:

1. PENS: Motor PENS will be a strong triphasic stimulation pattern to the hip, quadriceps, hamstring,
and adductors for strength training (50 Hz impulses for 200 ms every 1500 ms). The stimulus will
be administered for 15 minutes followed by the impairment rehabilitation programme.

2. Sham group: Subsensory PENS will be a subsensory stimulus also administered by a triphasic
stimulation pattern to the hip, quadriceps, hamstring, and adductors (50 Hz impulses for 200 ms
every 1500 ms). The stimulus will be administered for 15 minutes followed by the impairment re-
habilitation programme.

Outcomes Data collection was planned for 4 weeks.

• Changes in pain assessed by VAS

• Changes in muscle strength (quadriceps, hamstring, gluteus medius, hip adductor)

• Changes in participant-reported outcomes on pain and function before and after the intervention
(Anterior Knee Pain Scale, the Activities of Daily Living Scale, the Godin Leisure Scale, and the Fear
Avoidance Belief Questionnaire)

Starting date 4 May 2015

Contact information Neal Glaviano, MEd, ATC

University of Virginia, Charlottesville, Virginia, United States 22902, 434-924-6184; email: ng2w@vir-
ginia.edu

Notes A related laboratory study testing the same intervention from the same team is available (Glaviano
2016).
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A check on the status of this trial on 1 May 2017 found that "The recruitment status of the study is
unknown. The completion data has passed and the status has not been verified in more than two
years."

NCT02441712  (Continued)

NMES: neuromuscular electrical stimulation
PENS: patterned electrical neuromuscular stimulation
VAS: visual analogue scale
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   NMES versus placebo (sham device)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Knee pain during activities (end of the
treatment, single 15-minute NMES ses-
sion): VAS scale: 0 to 10; higher score =
worse pain

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

1.1 Pain during a single-leg squat 1   Mean Difference (IV,
Fixed, 95% CI)

0.0 [0.0, 0.0]

1.2 Pain during a lateral step-down 1   Mean Difference (IV,
Fixed, 95% CI)

0.0 [0.0, 0.0]

 
 

Analysis 1.1.   Comparison 1 NMES versus placebo (sham device), Outcome 1 Knee pain during activities
(end of the treatment, single 15-minute NMES session): VAS scale: 0 to 10; higher score = worse pain.

Study or subgroup NMES Placebo Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

1.1.1 Pain during a single-leg squat  

Glaviano 2016 11 0.9 (0.7) 11 2.8 (1.9) -1.9[-3.1,-0.7]

   

1.1.2 Pain during a lateral step-down  

Glaviano 2016 11 1.1 (0.8) 11 3.3 (2) -2.2[-3.47,-0.93]

Favours NMES 42-4 -2 0 Favours placebo

 
 

Comparison 2.   NMES (+ other intervention) versus no NMES (+ same other intervention)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Knee pain (end of the treatment, 3 to 12
weeks): VAS scale: 0 to 10; higher score =
worse pain

3 118 Mean Difference (IV,
Fixed, 95% CI)

-1.63 [-2.23,
-1.02]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2 Knee pain during activities (end of the
treatment, 6 weeks): VAS scale: 0 to 10;
higher score = worse pain

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

2.1 Pain during step-down 1   Mean Difference (IV,
Fixed, 95% CI)

0.0 [0.0, 0.0]

2.2 Pain during step-up 1   Mean Difference (IV,
Fixed, 95% CI)

0.0 [0.0, 0.0]

2.3 Pain during squat 1   Mean Difference (IV,
Fixed, 95% CI)

0.0 [0.0, 0.0]

3 Knee function (end of the treatment, 3
and 6 weeks): Cincinnati Knee Rating Sys-
tem and LEFS; higher score = better func-
tion

2 70 Std. Mean Difference (IV,
Fixed, 95% CI)

0.37 [-0.11, 0.84]

4 Change score for KPS (end of treatment,
12 weeks) (0 to 100; higher score = better
function)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

5 Good or normal muscle strength (end
of the treatment, 6 weeks): grades 4 to 5
Lovett’s manual muscle scale

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

6 Muscle strength (end of the treatment, 12
weeks): isokinetic dynamometer (N)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

6.1 Isometric strength with 30° knee flexion 1   Mean Difference (IV,
Fixed, 95% CI)

0.0 [0.0, 0.0]

6.2 Isometric strength with 60° knee flexion 1   Mean Difference (IV,
Fixed, 95% CI)

0.0 [0.0, 0.0]

 
 

Analysis 2.1.   Comparison 2 NMES (+ other intervention) versus no NMES (+ same other intervention),
Outcome 1 Knee pain (end of the treatment, 3 to 12 weeks): VAS scale: 0 to 10; higher score = worse pain.

Study or subgroup NMES no NMES (control) Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Akarcali 2002 20 1.2 (1.5) 22 2.4 (2.6) 22.88% -1.12[-2.38,0.14]

Bily 2008 18 -3.4 (3.4) 18 -2.8 (3.5) 7.08% -0.55[-2.81,1.71]

Tunay 2003 20 0.8 (0.9) 20 2.7 (1.4) 70.04% -1.9[-2.62,-1.18]

   

Total *** 58   60   100% -1.63[-2.23,-1.02]

Heterogeneity: Tau2=0; Chi2=2.04, df=2(P=0.36); I2=2.2%  

Test for overall effect: Z=5.29(P<0.0001)  

Favours NMES 52.5-5 -2.5 0 Favours control
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Analysis 2.2.   Comparison 2 NMES (+ other intervention) versus no NMES (+ same other intervention), Outcome
2 Knee pain during activities (end of the treatment, 6 weeks): VAS scale: 0 to 10; higher score = worse pain.

Study or subgroup NMES no NMES (control) Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

2.2.1 Pain during step-down  

Kaya 2013 15 3.7 (1.7) 15 0.4 (0.8) 3.32[2.38,4.26]

   

2.2.2 Pain during step-up  

Kaya 2013 15 3.5 (1.9) 15 0.3 (0.9) 3.15[2.1,4.2]

   

2.2.3 Pain during squat  

Kaya 2013 15 2 (1.3) 15 1.4 (2.7) 0.58[-0.91,2.07]

Favours NMES 42-4 -2 0 Favours control

 
 

Analysis 2.3.   Comparison 2 NMES (+ other intervention) versus no NMES (+ same
other intervention), Outcome 3 Knee function (end of the treatment, 3 and 6

weeks): Cincinnati Knee Rating System and LEFS; higher score = better function.

Study or subgroup NMES no NMES (control) Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Kaya 2013 15 73.1 (8.4) 15 72.4 (8.6) 43.99% 0.08[-0.63,0.8]

Tunay 2003 20 88 (7.1) 20 83.3 (8.3) 56.01% 0.59[-0.05,1.22]

   

Total *** 35   35   100% 0.37[-0.11,0.84]

Heterogeneity: Tau2=0; Chi2=1.07, df=1(P=0.3); I2=6.73%  

Test for overall effect: Z=1.51(P=0.13)  

Favours control 21-2 -1 0 Favours NMES

 
 

Analysis 2.4.   Comparison 2 NMES (+ other intervention) versus no NMES (+ same other intervention),
Outcome 4 Change score for KPS (end of treatment, 12 weeks) (0 to 100; higher score = better function).

Study or subgroup NMES no NMES (control) Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Bily 2008 18 12.1 (11.9) 18 8.4 (7.9) 3.7[-2.9,10.3]

Favours control 105-10 -5 0 Favours NMES

 
 

Analysis 2.5.   Comparison 2 NMES (+ other intervention) versus no NMES (+ same other intervention), Outcome
5 Good or normal muscle strength (end of the treatment, 6 weeks): grades 4 to 5 Lovett’s manual muscle scale.

Study or subgroup NMES no NMES (control) Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Akarcali 2002 20/20 21/22 1.04[0.92,1.19]

Favours control 500.02 100.1 1 Favours NMES
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Analysis 2.6.   Comparison 2 NMES (+ other intervention) versus no NMES (+ same other intervention),
Outcome 6 Muscle strength (end of the treatment, 12 weeks): isokinetic dynamometer (N).

Study or subgroup NMES no NMES (control) Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

2.6.1 Isometric strength with 30° knee flexion  

Bily 2008 18 128 (49) 18 89.7 (20.8) 38.3[13.71,62.89]

   

2.6.2 Isometric strength with 60° knee flexion  

Bily 2008 18 199 (77) 18 149 (33) 50[11.3,88.7]

Favours control 10050-100 -50 0 Favours NMES

 
 

Comparison 3.   NMES versus exercise

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Knee function (end of the treatment,
4 weeks): Arpège function scale: 0 to 18;
higher score = better function

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

2 Muscle strength (end of the treatment, 4
weeks): isokinetic dynamometer (Nm)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

2.1 Isokinetic dynamometer at 30°/s 1   Mean Difference (IV,
Fixed, 95% CI)

0.0 [0.0, 0.0]

2.2 Isokinetic dynamometer at 300°/s 1   Mean Difference (IV,
Fixed, 95% CI)

0.0 [0.0, 0.0]

 
 

Analysis 3.1.   Comparison 3 NMES versus exercise, Outcome 1 Knee function (end of
the treatment, 4 weeks): Arpège function scale: 0 to 18; higher score = better function.

Study or subgroup NMES Exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Gobelet 1992 28 14.4 (2.7) 66 15.3 (2.5) -0.94[-2.1,0.22]

Favours exercise 105-10 -5 0 Favours NMES

 
 

Analysis 3.2.   Comparison 3 NMES versus exercise, Outcome 2 Muscle
strength (end of the treatment, 4 weeks): isokinetic dynamometer (Nm).

Study or subgroup NMES Exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

3.2.1 Isokinetic dynamometer at 30°/s  

Gobelet 1992 28 142.6 (71.5) 66 142.5 (56) 0.06[-29.67,29.79]

   

3.2.2 Isokinetic dynamometer at 300°/s  

Gobelet 1992 28 75.8 (34.7) 66 74.8 (32.4) 1.04[-14,16.08]

Favours exercise 5025-50 -25 0 Favours NMES

Neuromuscular electrical stimulation (NMES) for patellofemoral pain syndrome (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

42



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 
 

Comparison 4.   NMES (simultaneous frequencies) versus control NMES (sequential or fixed frequencies)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Knee pain (end of the treatment, 6
weeks): VAS scale: 0 to 10; higher score =
worse pain

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

1.1 Simultaneous versus sequential deliv-
ery

1   Mean Difference (IV,
Fixed, 95% CI)

0.0 [0.0, 0.0]

2 Knee function (end of the treatment, 6
weeks): KPS: 0 to 100 scale; higher score =
better function

2 88 Mean Difference (IV,
Fixed, 95% CI)

-1.16 [-6.79, 4.47]

2.1 Simultaneous versus sequential deliv-
ery

1 14 Mean Difference (IV,
Fixed, 95% CI)

-5.90 [-16.14,
4.34]

2.2 Simultaneous versus fixed delivery 1 74 Mean Difference (IV,
Fixed, 95% CI)

0.90 [-5.84, 7.64]

3 Functional performance (end of the
treatment, 6 weeks): number of steps up
and down until pain

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

3.1 Simultaneous versus sequential deliv-
ery

1   Mean Difference (IV,
Fixed, 95% CI)

0.0 [0.0, 0.0]

4 Quadriceps isometric muscle strength
(end of the treatment, 6 weeks): dy-
namometer at 90°/s (Nm)

2 88 Mean Difference (IV,
Fixed, 95% CI)

-1.15 [-16.24,
13.94]

4.1 Simultaneous versus sequential deliv-
ery

1 14 Mean Difference (IV,
Fixed, 95% CI)

3.40 [-25.83,
32.63]

4.2 Simultaneous versus fixed delivery 1 74 Mean Difference (IV,
Fixed, 95% CI)

-2.80 [-20.42,
14.82]

5 Quadriceps isokinetic muscle strength
(end of the treatment, 6 weeks): dy-
namometer at 90°/s (Nm)

2 88 Mean Difference (IV,
Fixed, 95% CI)

-7.28 [-24.45,
9.89]

5.1 Simultaneous versus sequential deliv-
ery

1 14 Mean Difference (IV,
Fixed, 95% CI)

6.10 [-30.70,
42.90]

5.2 Simultaneous versus fixed delivery 1 74 Mean Difference (IV,
Fixed, 95% CI)

-11.0 [-30.41,
8.41]
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Analysis 4.1.   Comparison 4 NMES (simultaneous frequencies) versus control NMES (sequential or fixed
frequencies), Outcome 1 Knee pain (end of the treatment, 6 weeks): VAS scale: 0 to 10; higher score = worse pain.

Study or subgroup NMES (simultaneous) Control NMES Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

4.1.1 Simultaneous versus sequential delivery  

Callaghan 2001 7 3.8 (1.8) 7 3.4 (2.3) 0.4[-1.76,2.56]

Favours simultaneous 105-10 -5 0 Favours control

 
 

Analysis 4.2.   Comparison 4 NMES (simultaneous frequencies) versus control
NMES (sequential or fixed frequencies), Outcome 2 Knee function (end of

the treatment, 6 weeks): KPS: 0 to 100 scale; higher score = better function.

Study or subgroup NMES (si-
multaneous)

Control NMES Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

4.2.1 Simultaneous versus sequential delivery  

Callaghan 2001 7 67 (10.4) 7 72.9 (9.1) 30.27% -5.9[-16.14,4.34]

Subtotal *** 7   7   30.27% -5.9[-16.14,4.34]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.13(P=0.26)  

   

4.2.2 Simultaneous versus fixed delivery  

Callaghan 2004 37 78 (14.6) 37 77.1 (15) 69.73% 0.9[-5.84,7.64]

Subtotal *** 37   37   69.73% 0.9[-5.84,7.64]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.26(P=0.79)  

   

Total *** 44   44   100% -1.16[-6.79,4.47]

Heterogeneity: Tau2=0; Chi2=1.18, df=1(P=0.28); I2=15.39%  

Test for overall effect: Z=0.4(P=0.69)  

Test for subgroup differences: Chi2=1.18, df=1 (P=0.28), I2=15.39%  

Favours control 10050-100 -50 0 Favours simultaneous

 
 

Analysis 4.3.   Comparison 4 NMES (simultaneous frequencies) versus control
NMES (sequential or fixed frequencies), Outcome 3 Functional performance

(end of the treatment, 6 weeks): number of steps up and down until pain.

Study or subgroup NMES (simultaneous) Control NMES Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

4.3.1 Simultaneous versus sequential delivery  

Callaghan 2001 7 18.7 (14.9) 7 14.2 (8.5) 4.5[-8.21,17.21]

Favours control 10050-100 -50 0 Favours simultaneous
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Analysis 4.4.   Comparison 4 NMES (simultaneous frequencies) versus control
NMES (sequential or fixed frequencies), Outcome 4 Quadriceps isometric

muscle strength (end of the treatment, 6 weeks): dynamometer at 90°/s (Nm).

Study or subgroup NMES (si-
multaneous)

Control NMES Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

4.4.1 Simultaneous versus sequential delivery  

Callaghan 2001 7 79.4 (27.7) 7 76 (28.1) 26.66% 3.4[-25.83,32.63]

Subtotal *** 7   7   26.66% 3.4[-25.83,32.63]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.23(P=0.82)  

   

4.4.2 Simultaneous versus fixed delivery  

Callaghan 2004 37 118.1 (37.4) 37 120.9 (39.9) 73.34% -2.8[-20.42,14.82]

Subtotal *** 37   37   73.34% -2.8[-20.42,14.82]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.31(P=0.76)  

   

Total *** 44   44   100% -1.15[-16.24,13.94]

Heterogeneity: Tau2=0; Chi2=0.13, df=1(P=0.72); I2=0%  

Test for overall effect: Z=0.15(P=0.88)  

Test for subgroup differences: Chi2=0.13, df=1 (P=0.72), I2=0%  

Favours control 10050-100 -50 0 Favours simultaneous

 
 

Analysis 4.5.   Comparison 4 NMES (simultaneous frequencies) versus control
NMES (sequential or fixed frequencies), Outcome 5 Quadriceps isokinetic

muscle strength (end of the treatment, 6 weeks): dynamometer at 90°/s (Nm).

Study or subgroup NMES (si-
multaneous)

Control NMES Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

4.5.1 Simultaneous versus sequential delivery  

Callaghan 2001 7 106.3 (41.7) 7 100.2 (27) 21.77% 6.1[-30.7,42.9]

Subtotal *** 7   7   21.77% 6.1[-30.7,42.9]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.32(P=0.75)  

   

4.5.2 Simultaneous versus fixed delivery  

Callaghan 2004 37 108.1 (36.8) 37 119.1 (47.7) 78.23% -11[-30.41,8.41]

Subtotal *** 37   37   78.23% -11[-30.41,8.41]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.11(P=0.27)  

   

Total *** 44   44   100% -7.28[-24.45,9.89]

Heterogeneity: Tau2=0; Chi2=0.65, df=1(P=0.42); I2=0%  

Test for overall effect: Z=0.83(P=0.41)  

Test for subgroup differences: Chi2=0.65, df=1 (P=0.42), I2=0%  

Favours control 10050-100 -50 0 Favours simultaneous

 

 

Neuromuscular electrical stimulation (NMES) for patellofemoral pain syndrome (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

45



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

A P P E N D I C E S

Appendix 1. Search strategies

CENTRAL (Cochrane Register of Studies Online)

#1 MESH DESCRIPTOR Patellofemoral Pain Syndrome (83)
#2 MESH DESCRIPTOR Patellofemoral Joint (17)
#3 MESH DESCRIPTOR Patella (246)
#4 MESH DESCRIPTOR Knee (660)
#5 #2 OR #3 OR #4 (914)
#6 MESH DESCRIPTOR Arthralgia (568)
#7 MESH DESCRIPTOR pain EXPLODE ALL TREES (34418)
#8 #6 OR #7 (34418)
#9 #5 AND #8 (222)
#10 (anterior knee pain):TI,AB,KY (192)
#11 (((patell* or femoropatell* or femoro-patell* or retropatell*) adj2 (pain or syndrome or dysfunction))):TI,AB,KY (304)
#12 (((lateral compression or lateral facet or lateral pressure or odd facet) adj syndrome)):TI,AB,KY (1)
#13 (((chondromalac* or chondropath*) adj2 (knee*1 or patell* or femoropatell* or femoro-patell* or retropatell*))):TI,AB,KY (27)
#14 #10 OR #11 OR #12 OR #13 (479)
#15 #1 OR #9 OR #14 (651)
#16 MESH DESCRIPTOR Electric Stimulation Therapy EXPLODE ALL TREES (5281)
#17 (((neuro* or musc* or electr* or nerve) adj3 stim*)):TI,AB,KY (9513)
#18 (electrotherap* or myostim* or electrostim* or electroneurostim* or neurostim* or EMS or NMES):TI,AB,KY (2458)
#19 #16 OR #17 OR #18 (13201)
#20 #15 AND #19 (21)

MEDLINE (Ovid Online)

1 Patellofemoral Pain Syndrome/ (658)
2 Patella/ or Knee Joint/ or Knee/ (63784)
3 Arthralgia/ or Pain/ (131605)
4 2 and 3 (3930)
5 anterior knee pain.tw. (1429)
6 ((patell* or femoropatell* or femoro-patell* or retropatell*) adj2 (pain or syndrome or dysfunction)).tw. (2305)
7 ((lateral compression or lateral facet or lateral pressure or odd facet) adj syndrome).tw. (23)
8 ((chondromalac* or chondropath*) adj2 (knee*1 or patell* or femoropatell* or femoro-patell* or retropatell*)).tw. (548)
9 Chondromalacia Patellae/ (79)
10 or/1,4-9 (7209)
11 exp Electric Stimulation Therapy/ (70205)
12 ((neuro* or musc* or electr* or nerve) adj3 stim*).tw. (118525)
13 electrotherap*.tw. (1222)
14 myostim*.tw. (92)
15 electrostim*.tw. (3230)
16 electroneurostim*.tw. (42)
17 neurostim*.tw. (2230)
18 (EMS or NMES).tw. (10788)
19 or/11-18 (186863)
20 10 and 19 (96)
21 Randomized controlled trial.pt. (462116)
22 Controlled clinical trial.pt. (94040)
23 randomized.ab. (403322)
24 placebo.ab. (188773)
25 Drug therapy.fs. (1991827)
26 randomly.ab. (280166)
27 trial.ab. (422340)
28 groups.ab. (1725939)
29 or/21-28 (4099404)
30 exp Animals/ not Humans/ (4396757)
31 29 not 30 (3544787)
32 20 and 31 (47)
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Embase (Ovid Online)

1 Patellofemoral Pain Syndrome/ (1016)
2 Patellofemoral Joint/ or Patella/ or Knee/ (64001)
3 Arthralgia/ or Pain/ (306136)
4 3 and 2 (8189)
5 Knee Pain/ (11759)
6 anterior knee pain.tw. (1578)
7 ((patell* or femoropatell* or femoro-patell* or retropatell*) adj2 (pain or syndrome or dysfunction)).tw. (2630)
8 ((lateral compression or lateral facet or lateral pressure or odd facet) adj syndrome).tw. (26)
9 ((chondromalac* or chondropath*) adj2 (knee*1 or patell* or femoropatell* or femoro-patell* or retropatell*)).tw. (715)
10 Patella Chondromalacia/ (738)
11 or/1,4-10 (22056)
12 Neuromuscular Electrical Stimulation/ (1165)
13 electrostimulation therapy/ or nerve stimulation/ (40993)
14 electrostimulation/ (75363)
15 ((neuro* or musc* or electr* or nerve) adj3 stim*).tw. (139859)
16 electrotherap*.tw. (1722)
17 myostim*.tw. (112)
18 electrostim*.tw. (3841)
19 electroneurostim*.tw. (55)
20 neurostim*.tw. (3599)
21 (EMS or NMES).tw. (14372)
22 or/12-21 (211498)
23 11 and 22 (378)
24 Randomized controlled trial/ (442254)
25 Clinical trial/ (918094)
26 Controlled clinical trial/ (428691)
27 Randomization/ (73053)
28 Single blind procedure/ (26265)
29 Double blind procedure/ (136826)
30 Crossover procedure/ (50503)
31 Placebo/ (303176)
32 Prospective study/ (366226)
33 ((clinical or controlled or comparative or placebo or prospective* or randomi#ed) adj3 (trial or study)).tw. (1000672)
34 (random* adj7 (allocat* or allot* or assign* or basis* or divid* or order*)).tw. (244729)
35 ((singl* or doubl* or trebl* or tripl*) adj7 (blind* or mask*)).tw. (201706)
36 (cross?over* or (cross adj1 over*)).tw. (87005)
37 ((allocat* or allot* or assign* or divid*) adj3 (condition* or experiment* or intervention* or treatment* or therap* or control* or
group*)).tw. (331952)
38 RCT.tw. (23420)
39 or/24-38 (2408554)
40 Case Study/ or Abstract Report/ or Letter/ (1055033)
41 39 not 40 (2363242)
42 23 and 41 (123)

PEDro

Advanced search option

Abstract & Title: *Patellofemoral
Therapy: electrotherapies, heat, cold
Problem: no selection
Body part: lower leg or knee
Subdiscipline: no selection
Method: clinical trial
Match all search terms (AND) (16)

Abstract & Title: *Chondromalacia
Therapy: electrotherapies, heat, cold
Problem: no selection
Body part: lower leg or knee
Subdiscipline: no selection
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Method: clinical trial
Match all search terms (AND) (3)

CINAHL (Ebsco)

S1 (MH "Patellofemoral Pain Syndrome") (1,105)
S2 TX anterior knee pain (691)
S3 TX (patell* or femoropatell* or femoro-patell* or retropatell*) n2 (pain or syndrome or dysfunction) (1,646)
S4 TX ((lateral compression or lateral facet or lateral pressure or odd facet) n2 syndrome) (11)
S5 TX (chondromalac* or chondropath*) n2 (knee*1 or patell* or femoropatell* or femoro-patell* or retropatell*) (113)
S6 (MH "Chondromalacia Patella") (67)
S7 S1 OR S2 OR S3 OR S4 OR S5 OR S6 (2,188)
S8 (MH "Electric Stimulation") OR (MH "Electrical Stimulation, Neuromuscular") (9,097)
S9 (neuro* or musc* or electr* or nerve) n3 stim* (17,142)
S10 TX electrotherap* or myostim* or electrostim* or electroneurostim* or neurostim* or EMS or NMES (16,328)
S11 S8 OR S9 OR S10 (31,931)
S12 S7 AND S11 (43)
S13 (MH "Clinical Trials+") (213,292)
S14 (MH "Evaluation Research+") (53,474)
S15 (MH "Comparative Studies") (116,883)
S16 (MH "Crossover Design") (14,538)
S17 PT Clinical Trial (80,011)
S18 (MH "Random Assignment") (42,824)
S19 S13 or S14 or S15 or S16 or S17 or S18 (350,510)
S20 TX ((clinical or controlled or comparative or placebo or prospective or randomi?ed) and (trial or study)) (1,043,596)
S21 TX (random* and (allocat* or allot* or assign* or basis* or divid* or order*)) (96,806)
S22 TX ((singl* or doubl* or trebl* or tripl*) and (blind* or mask*)) (912,205)
S23 TX ( crossover* or 'cross over' ) or TX cross n1 over (20,051)
S24 TX ((allocat* or allot* or assign* or divid*) and (condition* or experiment* or intervention* or treatment* or therap* or control* or
group*)) (131,291)
S25 S20 or S21 or S22 or S23 or S24 (1,784,630)
S26 S19 or S25 (1,794,552)
S27 S12 AND S26 (29)

SPORTDiscus (Ebsco)

S1 DE "PLICA syndrome" (400)
S2 TX anterior knee pain (707)
S3 TX (patell* or femoropatell* or femoro-patell* or retropatell*) n2 (pain or syndrome or dysfunction) (1,487)
S4 TX ((lateral compression or lateral facet or lateral pressure or odd facet) n2 syndrome) (11)
S5 TX (chondromalac* or chondropath*) n2 (knee*1 or patell* or femoropatell* or femoro-patell* or retropatell*) (247)
S6 DE "CHONDROMALACIA patellae" (176)
S7 S1 OR S2 OR S3 OR S4 OR S5 OR S6 (2,115)
S8 DE "ELECTRIC stimulation" (3,435)
S9 TX ((neuro* or musc* or electr* or nerve) n3 stim*) (7,526)
S10 TX electrotherap* or myostim* or electrostim* or electroneurostim* or neurostim* or EMS or NMES (1,955)
S11 S8 OR S9 OR S10 (8,570)
S12 S7 AND S11 (40)
S13 TX ( (clinic* N3 trial) or (controlled N3 trial) or (comparative N3 trial) or (placebo N3 trial) or (prospective N3 trial) or (randomi?ed
N3 trial) ) or TX ( (clinic* N3 study) or (controlled N3 study) or (comparative N3 study) or (placebo N3 study) or (prospective N3 study) or
(randomi?ed N3 study) ) (74,084)
S14 (random* N7 allot*) or (random* N7 assign*) or (random* N7 basis*) or (random* N7 divid*) or (random* N7 order*) (10,220)
S15 TX ( (singl* N7 blind*) or (doubl* N7 blind*) or (trebl* N7 blind*) or (tripl* N7 blind*) ) or TX ( (singl* N7 mask*) or (doubl* N7 mask*)
or (trebl* N7 mask*) or (tripl* N7 mask*) ) (6,348)
S16 TX (cross#over*) or TX (cross N1 over*) (5,067)
S17 TX randomi?ed control* trial* (12,639)
S18 TX ( (allocat* N3 condition*) or (allocat* N3 experiment*) or (allocat* N3 intervention*) or (allocat* N3 treatment*) or (allocat* N3
therap*) or (allocat* N3 control*) or (allocat* N3 group*) ) or TX ( (allot* N3 condition*) or (allot* N3 experiment*) or (allot* N3 intervention*)
or (allot* N3 treatment*) or (allot* N3 therap*) or (allot* N3 control*) or (allot* N3 group*) ) or TX ( (assign* N3 condition*) or (assign* N3
experiment*) or (assign* N3 intervention*) or (assign* N3 treatment*) or (assign* N3 therap*) or (assign* N3 control*) or (assign* N3 group*) )
or TX ( (divid* N3 condition*) or (divid* N3 experiment*) or (divid* N3 intervention*) or (divid* N3 treatment*) or (divid* N3 therap*) or
(divid* N3 control*) or (divid* N3 group*) ) (11,324)
S19 TX placebo* (9,165)
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S20 S13 or S14 or S15 or S16 or S17 or S18 or S19 (91,979)
S21 S12 AND S20 (14)

AMED (Ovid Online)

1 patellofemoral pain syndrome/ (120)
2 anterior knee pain.tw. (141)
3 ((patell* or femoropatell* or femoro-patell* or retropatell*) adj2 (pain or syndrome or dysfunction)).tw. (526)
4 ((lateral compression or lateral facet or lateral pressure or odd facet) adj syndrome).tw. (1)
5 ((chondromalac* or chondropath*) adj2 (knee*1 or patell* or femoropatell* or femoro-patell* or retropatell*)).tw. (27)
6 or/1-5 (647)
7 electric stimulation/ (1221)
8 ((neuro* or musc* or electr* or nerve) adj3 stim*).tw. (4141)
9 electrotherap*.tw. (953)
10 myostim*.tw. (4)
11 electrostim*.tw. (107)
12 electroneurostim*.tw. (1)
13 neurostim*.tw. (22)
14 (EMS or NMES).tw. (192)
15 or/7-14 (4840)
16 6 and 15 (16)

LILACS (BIREME)

MH Patellofemoral Pain Syndrome or MH Chondromalacia Patellae OR (TW rótula or TW patela or TW patell$ or TW femoropatell$ or TW
femoro-patell$ or TW retropatell$) AND (TW pain or TW dolor or TW dor or TW syndrome or TW síndrome or TW dysfunc$ or TW disfunç
$)) OR ((TW chondromalac$ or TW chondropath$) AND (TW knee$ or TW rodilla or TW joelho or TW patell$ or TW femoropatell$ or TW
femoro-patell$ or TW retropatell$)) [Words] AND MH Electric Stimulation Therapy OR ((TW neuro$ or TW musc$ or TW electr$ or TW elétric
$ or TW eléctrico or TW nerv$) AND TW stim$) OR TW electrotherapy$ or TW myostim$ or TW electrostim$ or TW electroneurostim$ or TW
neurostim$ or TW EMS or TW NMES [Words] (9)

WHO International Clinical Trials Registry Platform (ICTRP)

patellofemoral AND electric* OR patellofemoral AND neuromuscular OR patellofemoral AND stimulat* OR patellofemoral AND NMES OR
chondromalacia AND electric* OR chondromalacia AND neuromuscular OR chondromalacia AND stimulat* OR chondromalacia AND NMES
OR anterior knee pain AND electric* OR anterior knee pain AND neuromuscular OR anterior knee pain AND stimulat* OR anterior knee pain
AND NMES (11)

ClinicalTrials.gov

(patellofemoral OR Patellofemoral Pain Syndrome OR Chondromalacia OR Anterior knee pain) AND (electrical OR electric OR
neuromuscular OR stimulation OR NMES) (44)

ISRCTN Registry

(patellofemoral OR patellofemoral pain syndrome OR chondromalacia OR anterior knee pain) AND (Electrical Stimulation) [All Registers] (2)

W H A T ' S   N E W

 

Date Event Description

20 December 2017 Amended Amended contact details for Maria Regina Torloni

 

C O N T R I B U T I O N S   O F   A U T H O R S

Ana Luiza C Martimbianco: draYed the protocol and review, methodological and content issues
Maria R Torloni: draYed the protocol and review, content issues, language (English) issues
Brenda NG Andriolo: draYed the protocol and review, methodological and content issues
Gustavo Porfirio: draYed the protocol and review, content issues
Rachel Riera: draYed the protocol and review, methodological issues
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D E C L A R A T I O N S   O F   I N T E R E S T

Ana Luiza C Martimbianco: none known
Maria R Torloni: none known
Brenda NG Andriolo: none known
Gustavo Porfirio: none known
Rachel Riera: none known

S O U R C E S   O F   S U P P O R T

Internal sources

• Brazilian Cochrane Centre, Brazil.

External sources

• No sources of support supplied, Other.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Consistent with the International Patellofemoral Pain consensus statements published in 2014, we replaced the terminology
'patellofemoral pain syndrome' with 'patellofemoral pain' in the written text.

As noted by the external referee, PFP is a multifactorial condition, and people with PFP can take several months of treatment to gain
sustained improvement in outcomes. We therefore adjusted the 'Timing of outcome measurement' section from: at the end of the
treatment, up to three months aYer treatment (short term), and over three months aYer treatment (long term) to: up to three months
(short term), three to up to 12 months (medium term), and 12 months or above (long term). We adjusted the start point for follow-up to the
start of treatment (postrandomisation) and note that the timing of the short-term follow-up usually coincided with the end of treatment.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Electric Stimulation Therapy  [*methods];  Pain Measurement;  Patellofemoral Pain Syndrome  [*therapy];  Randomized Controlled Trials
as Topic;  Time Factors

MeSH check words

Adult; Female; Humans; Male
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